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ABSTRACT 
The effect of Pro-long on the storage life of avocados 
(Persea americana MillJ varieties Fuerte and Hass was investigated. 
1.5% to 1.8% Pro-long for Fuerte variety were found to be the 
optimum concentrations to reduce weight loss, retard respiratory' 
rate and ripening. Other changes assessed during storage include 
chlorophyll,' carotenoid, ascorbic acid, moisture, lipid.! sugar and 
phenolic content, texture, acidity and organoleptic properties. 
Pro-long also imparted a gloss to the fruit which is an added 
advantage. 
Treatment with the fungicides benomyl and thiabendazole 
,before coating with Pro-long was found to reduce microbial spoilage 
dU,ring experiments but interaction between the fungicides and 
Pro-long caused blemishes of the fruit skin of Fuerte variety. 
Washing of fruits after fungicide treatment and before coating 
with Pro-long was therefore found to be necessary. Campden tablets 
were used in the washing water to reduce the microbial load. 
Storage of treated and untreated avocados at 7°C, 13 0 C, 21 0 C 
(R.H. 80 + 5%); 160 C, 2SoC (R.H. 90 + S%) and under ambient 
condition was studied. After storage for 4 weeks at 7°C there were 
no signs of microbial spoilage, Pro-long also reduced __ discoloration 
of the flesh and skin after ripening as compared with the controlo. 
At 2SoC, there was no apparent advantage in using either Pro-long 
or the fungicides. 
The results suggest that Pro-long could be a highly useful 
adjunct to good avocado storage practices. 
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INTRODUCTION 
The storage life of many perishable agricultural products 
has been extended by minimising past harvest diso.rders and 
diseases through refrigeration,supplemented by various other 
techniques,such as controlled atmosphere and hypobaric storage. 
Mast tropical and subtropical fruits suffer from chilling 
injury at law temperatures and from their storage life being 
reduced at high temperatures by increased metabolic activity. 
This necessitates the use of mo.re sophisticated and expensive 
storage methods than refrigeration alone. Far developing 
coun,tries, with often meagre resources and limited technology, 
such sophisticated techniques may not be accessible. 
Pro-long was developed partly with such problems in mind, 
to provide a simple method of maintaining the quality of fruits 
and vegetables after harvest. It is simple to mix and easy to 
apply. When a fruit is dipped into an aqueous emulsion of Pro-long, 
an invisible membrane farms which restricts the flaw of gases, 
thereby slowing the metabolic rate and retarding the ripening 
proeess. Recommended instructions far use vary according to the 
fruit, variety, time of season, degree of maturity and quality of 
the fruit. It has been successfully used an a number of fruits 
although not previously with avocado. 
Avocados are highly perishable, having a high rate of 
metabolism at ambient temperatures, leading to rapid ripening and 
deterioration. They are consumed mainly as fresh fruit. Formation 
of off-flavours i~ heated avocado precludes thermal processing as 
a means to preserve them. Refrigeration is the storage method 
currently in use far fresh fruit but is limited by the suscept-
ibility of the fruit to chilling injuries. 
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In recent years, there has been a marked increase in avocado 
production. If the problems of extension of storage life of 
avocado can be minimized, then the opportunity exists for a large 
increase in avocado consumption throughout the world. 
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2. LITERATURE SURVEY 
2.1 Avocado production and trade 
Avocados make up a very small part of the reported world 
production of fruits and only a small part of the production 
enters the international trade market. However, no statistics 
are available' for largely local consumption in many areas. 
Production figures from FAO (1981) are given in Table 1. 
Taken by geographic area, avocado production is highest in 
North and Central America, 881,000 metric tonnes (MT) followed 
by South America, 321,000 MT, Asia, 125,000 MT, Africa 85,000 MT, 
Oceania 3,000 MT and Europe 2,000 MT. 
Some of the major export routes for avocados are from the 
Dominican Republic, Bahemas and Haiti to the United States; from 
the United States to Canada, Mexico, France, Japan, Hong Kong, 
Denmark, the United Kingdom and Bermuda; from South Africa to 
the United Kingdom and France and from Israel to Western Europe 
(Knight, 1980). It should be noted that these export routes are 
for fresh a~~cedos only since almost the entire production is 
eaten as fresh fruit. 
Table 1 shows that there has been expansion of world avocado 
production in recent years and this trend is expected to continue. 
Changes in food preferences, efforts to supply foreign markets and 
improved irrigation could raise avocado production in many warm 
parts of the world. 
2.2 Avocado races and hybrids 
The avocado (Persea americana Mill.), which belongs to the 
- 4 -
Table 1 World avocado production (FAO. 
Annual Production ~ 1000 metric tonnes 
\voRLD 
AFRICA 
Cameroon 
Central Africa RepUblic 
Ghana 
Ivory Coast 
Madagascar 
South Africa 
Zaire 
N.C. AMERICA 
Costa Rica 
Cuba 
Dominican Republic 
El-Salvador 
Guatemala 
Haiti 
Honduras 
Jamaica 
Martinique 
Mexico 
Panama 
Puerto Rico 
USA 
SOUTH AMER ICA 
Argentina 
Bolivia 
Brazil 
Chile 
Columbia 
Ecuador 
Paraguay 
Peru 
Venezuela 
ASIA 
Indonesia 
Israel 
Philippines 
EUROPE 
Spain 
OCEAN lA 
Cook Islands 
Samoa 
1 Average per annum production. 
1981 ) 
1 1969-71-
954 
50 
17 
4 
3 
6 
19 
547 
17 
15 
122 
24 
48 
48 
4 
2 
2 
222 
4 
6 
62 
292 
10 
2 
122 
12 
13 
20 
3 
66 
44 
62 
40 
6 
16 
1 
1 
2 
1 
2 
1978 
1314 
80 
21 
1 
4 
5 
9 
18 
22 
839 
26 
24 
135 
31 
23 
55 
5 
3 
2 
395 
2 
5 
133 
288 
6 
3 
103 
20 
16- -
31 
3 
68 
39 
98 
47 
24 
27 
5 
5 
3 
1 
2 
1979 
1385 
85 
21 
1 
4 
6 
9 
19 
24 
867 
27 
25 
136 
31 
24 
57 
5 
3 
1 
459 
2 
4 
93 
303 
6 
3 
110 
19 
16 
29 
3 
70 
47 
125 
65 
33 
28 
2 
2 
3 
1 
2 
!.WL 
1416 
85 
22 
1 
4 
6 
9 
19 
25 
881 
28 
26 
138 
31 
25 
58 
5 
3 
2 
461 
2 
3 
98 
321 
6 
3 
120 
20 
16 
30 
4 
75 
47 
125 
66 
31 
28 
2 
2 
3 
1 
2 
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family Lauraceae, is indigenous to subtropical areas of North 
and South America. Avocados are classified horticulturally 
into three races: Mexican, Guatemalan and West Indian based, 
an their ecological adaptation (Popenoe, 1924). 
Most taxonomists bel·ieve that all varieties of avocado 
originated from Persea americana. However, same' plant scientists 
place the Mexican avocado in a separate species (f. drymifolia). 
Another current botanical treatment divides avocados into three 
varieties of two separate species, i.e. Persea americana var. 
americana (West Indian), Persea americana var. drymifolia 
(Mexican) and Persea nUbigena var. guatemalensis (Guatemalan) 
(Knight, 1980). The avocado varieties being hybrids of t'hese 
three races. 
The physiological differences between the three races relate 
to maturity date, fruit size, peel texture, flavour, ail content, 
disease tolerance, storage characteristics and climatic adaptation. 
Varieties of the Mexican race are adapted to a Mediterranean type 
of climate and are the most cold tolerant. The West Indian 
varieties are adapted to lowland tropical conditions of high 
temperatures and high humidities, while the Guatemalan. varieties 
are between the Mexican and West Indian varieties in climatic 
adaptatiom (Hatton, Harding and Reeder, 1964). 
Rounds (1950) has listed hundreds of varieties of avocado 
and numerous new ones are continually being produced. Many of the 
varieties grown today are either Mexican-Guatemalan or Guatemalan-
West Indian hybrids with Fuerte and Hass as the two most prominent 
varieties. 
Fuerte is grown commercially in California, Israel, Mexico, 
South Africa and many other subtropical parts of the world. It 
is a hybrid or descendant of hybrids of Mexican and Guatemalan 
races. Fuerte has alternate year bearing habit (Rounds, 1950). 
The fruit is dark green in colour even when ripe, weighs approx-
- 6 -
imately 300 g and its quality is widely accepted, however, its 
low and erratic production tendency creates problems in marketing 
(Edgerton, 1977). 
Hass originated from a Guatemalan seedling and individual 
trees are alternate year bearing. The fruit is green when young, 
turning dark on the tree and black when soft and' weighs approx-
imately 250 g (Knight, 1980). 
Fruits of both Fuerte and Hass varieties can be stored on 
the tree beyond the season without softening (Biale and Young, 1971). 
Hass and Fuerte varieties are the most prominent in California, 
but Bacon and Zutano are recommended in cooler areas. Reed variety 
is also recommended for commercial planting in California. It is 
believed to be a cross of Nabal and Anaheim. It ripens as a 
large green-coloured fruit (Knight, 1980). 
Nabal variety originated from Guatemalan seedling. It was 
last recommended for California planting in 1950 (Knight, 1980). 
Anaheimvariety originated from a Guate~?lan seedling and was 
last recommended for California planting in 1956 (Knight, 1980). 
However, both Nabal and Anaheim varieties are still grown in many 
other parts of the .. world. Pinkerton is a patented variety grown 
in California (Platt, 1976). 
In Florida there are many varieties recommended for 
commercial growing: 1 (Dr Du Puis # 2) is patented; Nardir 
has excellent trade acceptance but is susceptible to chilling 
injury and is not very productive; Hickson has poor shipping and 
storage quality and poor trade acceptance; Booth 1 is poor in 
eating quality. Other varieties grown in Florida include Pullock, 
Simmonds, Nesbitt, Waldin, Booth. 7, Booth 8, Hall, Choquette, Lula 
and Manroe (Knight, 1980). 
Ettinger, Hass, Fuerte and Nabal are grown in Israel and 
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Ettinger was developed there. Tova, Horshim, Nordshtein, and 
Shomrat are being planted experimentally. 
In Brazil, Collinson, Pullock, Simmonds and Wagner 
varieties are grown; in additioIT,Fortuna and Quintal 
Brazilian named and selected varieties,are also grown. Others 
as yet under observation include: Brasilia, Denise Ferrar, 
Riquerza and Tatui (Knight, 1980). 
2.3 Fruit anatomy and growth 
The anatomy of avocado has been studied by several workers 
and reviewed by Biale and Young (1971l. The fruit is a berry 
with single seed. The pericarp consists of the mesocarp and the 
skin with vascular bundles permeating the mesocarp. 
The skin consists of the outer layer of a thin cuticle, one 
layer of epidermis, one to three layers of hypodermal cells, 
several layers of parenchyma cells and a layer of sclerenchyma 
cells in the inner surface of the skin. Schroeder (1950), 
indicated that a typical stoma celL in the peel of avocado is 
21 microns long and 14 micro"s,wide. Lenticels in older fruits 
force the stomata upward. The lenticels in smooth skinned 
varieties are slightly raised patches of tissue which do not 
normally break through the epidermis., However, in rough-skinned 
varieties the lenticelsrupture the epidermis. 
In mature fruit, the mesocarp is composed mostly of uniform 
isodiametric parenchyma cells and oil cells or idioblasts 
distinguishable by their large size and lignified walls. 
oil droplets can also be detected in the parenchyma cells. 
Small 
The vascular tissue which permeates the mesocarp starts with 
a cylinder at the stem end, separating into six major strands 
which divide to permeate the entire mesocarp by conducting vessels. 
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The inner layer of the pericarp is the endocarp. It is 
composed of a few rows of parenchyma cells which are smaller 
than those of the mesocarp. 
The avocado seed consists of two fleshy cotyledons, plumule, 
hypocotyl, radicle and two thin coats adhering to each other. 
The cotyledons consist of parenchyma tissue containing starch as 
the main storage material, and idioblasts. 
In other fruits cell division stops at a certain point and 
further growth is by cell enlargement, but "in the avocado, growth 
of the fruit proceeds by cell division and cell enlargement over 
the whole season (Valmayor, 1967). The fruit on the tree grows 
on after maturatioro without senescence (Schroeder, 1958) and 
prevention of ripening could be by growth substances from the 
leaves (Bogin and Wallace, 1965) or from the stem (Tingwa and 
Young, 1975). 
2.4 Fruit composition and nutritional value 
Unlike most fruits, avocedo has a high lipid content. It 
also has a higher protein and mineral matter content than most 
other fruits, but a low sugar content. 
The chemical composition of avocado depends on many factors 
such as variety, maturity, season, climate and cultural practices. 
In Table 2 the proximate composition of some varieties of avocado 
from different locations is given. 
2.4.1 LipidS 
Lipid levels in avocado flesh normally range from about 4 to 
7% in West Indian varieties, from 10 to 13% in Guatemalan varieties 
Table 2 Composition' of several varieties of avocado fruit (Biale and Young, 1971) 
jI. fresh weight 
Variety Locationl fruit Edible Carbo-
wt. (g) portion Moist'ure Protein Lipid hydrates Ash 
fuerte Altadena,California 256 71 .3 65.7 1.51 26.6 4.62 1.60 
fuerte Y~rba Linda,California 566 73.5 68.3 1.36 24.2 4.82 1.27 
Hass California 200 75.0 68.4 1.80 20.0 7.80 1.20 
Dickenson California 254 70.0 72.0 1.56 20.4 4.69 1.35 
"" Lula r lorida 496 63.3 73.9 1.21 13.6 1.78 0.92 
Trapp 422 72.2 83.5 0.90 6.3 1.56 0.64 
Taylor 298 64.8 76.9 1.40 13.0 1.52 0.87 
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and from 15 to 25% in Mexican varieties (Biale and Young, 1971). 
The studies on 16 different varieties by Tango ~~. (1972) 
showed that Fuerte, Tatui and Wagner varieties contained the 
highest amounts of lipids (22.1 to 25.5%); whereas the Waldin 
and Ibicaba varieties contained the least amounts of lipids 
(6.9% and 6.5% respectively). Lipid content increased with 
ripening and the properties of lipids varied greatly among the 
varieties examined. The ranges of 90me chemical determin-ations 
are as follows: Iodine Values, 76.5 to 99~7; Saponification 
Numbers, 167.6 to 190.1 and the unsaponifiable materials, 1.04 
to 2.10%. 
El-Zeftawi (1978) reported that the stylar end of the fruit 
contained more lipid and free fatty acids than the stem end. 
Oleic acid is the major fatty acid in avocado lipid followed 
by palmitic and linoleic acids (Kikuta and Erickson, 1968; 
Mazliak, 1971). Those present in lesser amounts include myristic, 
stearic, linolenic, palmitoleic and arachidic acids (Table 3). 
During the development of the avocado fruit there is an 
increase in lipid content (Wardlaw, 1937). The increase in lipid 
content during development is accompanied by a decreas"e" in moisture 
content (Stahl, 1933; El-Zeftawi, 1978). As the fruit develops 
the Iodine Value decreases and the Saponification Number increases 
(Biale and Young, 1971). 
Kikuta (1968) reported that with development of Fuerte 
avocado fruit, the monoglycerides decreased slightly while diglyce-
rides increased slightly. Triglycerides contributed virtually all 
the changes in fatty acid compoei tion". 
Dolendo, Luh and Pratt (1966) found no significant changes 
in the distribution of fatty acids during the ripening of avocados 
stored at 150 C. 
Mazliak (1971) reported that storage of the fruit in an 
Table 3 
Region 
Exocarp 
Mesocarp 
Endocarp 
Seed 
Composition of fatty acids !% of total fatty acids) in different parts of avocado fruit 
!Mazliak, 1971) 
C14 C16 C 16: 1 
tr2 12-22 2.5-5.5 
tr 13-16.7 3 -5.1 
tr 13-20 5 -7.3 
0.6 22' 3.2 
Percentage of Total fatty Acids 1 
C16 C C C 16: 1 16:2 16:3 
tr 59-69.5 11.6-14.5 1.2-2.3 
tr 67-72 10.4-11.4 tr-11.4 
tr 62.70 10.1-12 tr-1.2 
0.6 25 41.5 4.5 
C20 
tr-0.3 
tr 
tr 
tr 
C 
22 
tr 
tr 
tr 
1 
C14,C16,C16:1,C16,C16:1,C16:2,C16:3,C20,C22 and C24 represent myristic, palmitic, palmitoleic, stearic, 
oleic, linoleic, linoleneic, arachidic, behenic and lignoceric acids, respectively. 
2 
trace. 
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atmosphere of 5 to 6j~ CO 2 and 1.5% O2 resulted in increased 
palmitic and palmitoleic acid content and storage of the fruit 
in an atmosphere of 4 to 5% CO 2 and 16% O2 resulted in increased 
oleic, linoleic and linolenic acids. 
Grant (1960) substituted part of the dietary fat of patients 
with avocado and reported a decline in blood cholesterol levels 
but it was not clear whether the un saturation of avocado lipid, 
the sitosterol present in the unsaponifiable fraction or some 
other factor was responsible~ for this decline. 
2.4.2 Carbohydrates 
The carbohydrate content of avocado ranges from 1.82 to 
7.80% (Slater ~sl., 1975). In addition to the common sugars, 
glucose, fructose and sucrose, seven-carbon sugars and alcohols 
are present in avocado flesh. 
Maquene (1890) reported the seven-carbon alcohol perseitol 
(see Figure 1) in avocado. The 7-carbon sugar, manrroheptulose 
(see Figure 1) was identified by La Forge and Hudson (1917). 
Mannoheptulose, which is known .to cause instant diabetes (Simon 
and Kracier, 1966), is the major monosaccharide in some avocado 
varieties. However, Ogata ~ sl. (1972) reported that the 
quantity of mannoheptulose consumed at the height of avocado season 
cannot cause hyperglycemia in normal humans. 
Sephton and Richtmyer (1963) isolated several other 7-carbon 
and 8-carbon sugars from avocado. 
Unlike other fruits, during development and ripening of 
avocado fruit the sugar content decreases (Duckworth, 1966). 
Davenport and Ellis (1959) observed that during avocado 
fruit storage, perseitol and manrnoheptulose almost disappeared, 
sucrose remained unchanged and fructose and an unknown disaccharide 
- 13 -
Figure 1 The structural formulae for the D-mannoht:>Qt!tlQ~I'S"_ 
and the per~eitol 
The conventional aliphatic representation 
D-mannoheptulos~ 
CH OH 
I 2 
C=O 
I HOCH 
HO{H 
HrOH 
HrOH 
CH 20H 
The pyranose ring representation of 
D-mannoheptulose 
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increased markedly. Bean (1958) found that with storage of 
avocado, sugar content dropped with the keto sugars showing the 
highest proportion of losses. Sucrose diminished, mannoheptulose 
and fructose disappeared leaving glucose and sucrose and the 
major sugars after ripening. He also noted that during ripening, 
perseitol was used rapidly; the alcohol sugar, ' mannitol became 
pronounced; a disaccharide containing xylose was formed and 
several pentoses, xylose, arabinose and ribose became apparent. 
The alcohol, glycerol, also appeared in substantial quantities 
in stored mature fruit. 
2.4.3 Proteins 
Most fruits contain less than 1% protein. However, avocados 
contain on average 2.1% protein (Jaffa and Goss, 1923). Fuerte 
avocado contains higher amounts of free amino acids than any 
other fruit (Ahmed and Barmore, 1980), the major amino acids 
being asparagine, aspartic acid, glutamine and glutamic acid. 
Amino acids present 'in minor quantities include serine, threonine, 
alanine, valine and" cystein,e._ 
Claims have been made that the protein increases during the 
climacteric rise in avocado. Rowan, Pratt and Robertson (1958) 
reported an increase in the protein to total nitrogen ratio from 
0.5 to 0.75 during ripening. Davenport and Ellis (1959) have also 
reported an increase in protein during storage. 
2.4.4 Minerals 
Jaffa and Goss (1923) reported that the mineral content of 
avocado fruit is higher than that recorded for any other fruit. 
The mineral content of avocados ranges from 1.0 to 1.4% (Hall, 
Moore and Morgan, 1955). Ash analysis of avocado mesocarp is 
presented in Table 4. ,The high phosphate and iron content is of 
interest in nutrition. 
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Table 4 Mineral composition of avocado mesocarp 
(Jaffa and Goss, 1923) 
% of Total Ash 
K20 26.2 
Na20 18.6 
CaD 4.7 
MgO 5.3 
fe 203 1.51 
Al203 2.58 
Mn Trace 
P205 17.40 
5°4 11.24 
5i02 0.50 
Cl 14.36 
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2.4.5 Vitamins 
Table 5 shows vitamins present in avocado. The pyridoxine 
level is highest among fruits except for banana (Biale and Young, 
1971). Pantothenic acid level is highest among fruits with the 
exception of passion fruit (Ahmed and Barmore, 1.980). Hall II .2l. 
( 1955) reported vitamin B6 values determined as pyridoxine of 6.1 1-1 g/ g 
for the fuerte and Hass varieties and 3.9 M9/9 for Anaheim variety. 
Table 5 Vitamin content of avocados 
(Biale and Young, 1971) 
Vitamin 
A Carotena 
B Thiamine 
Riboflavin , 
Pyridoxine 
Niacin 
Pantothenic acid 
folic acid 
Biotin 
C Ascorbic acid 
D Calciferol 
E 0<. -Tocopherol 
K 2-Methyl-l,4-naphthoquinone 
1 Includes pyridoxal and pyridoxamine. 
mg/l00 9 fr. wt. 
0.13-0.51 
0.08-0.12 
0.21-0.23 
0.45 
1.45-2.16 
0.90-1.14 
0.018-0.040 
0.003-0.006 
13.0-37.0 
0.01 
3.0 
0.008 
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2.4.6 Phenolic compounds and enzymatic browning 
Golan, Kahn and Sadouski (1977a) and Ramerez-Martinez and 
Luh (1973) reported the presence of catechin, leucoanthocyanidin 
and some simple phenolics like p-coumaric and caffeic acid in the 
flesh of avocado. There are complex mixtures of phenolic 
compounds ranging from simple catechin to highly polymeric 
substances in avocado seeds. 
Whenever they are injured many tissues undergo enzymatic 
browning which is thought to be due to polyphenolases. The rate 
of enzymatic browning in avocado differs with variety. Golan 
~ al. (1977a) and Golan, Sadouski and Kahn (1977b) reported that 
both high polyphenolase content and total phenolic content 
contribute to the high browning potential of fuerte variety, 
the rate of browning increasing with ripening. 
2.4.7 Pectic substances. pectic enzymes and cellulase 
During the development of fruits, total pectic substances 
increase in amount,..and during ripening the content of soluble 
pectin increases at the expense of insoluble pectin. 
Zaubermann and Schiffmann-Nadel (1972) and Awad and Young 
(1979) reported increased polygalacturonase (PG) activity during 
ripening in avocado fruit. Dolendo ~~. (1966) found that the 
, 
increase in soluble pectin and the decrease in protopectin is 
accompanied by fruit softening in avocado. Zaubermann and 
Schiffmann-Nadel (1972), Rouse and Barmore (1974) and Awad and 
Young (1979) demonstrated the decrease in pectinmethylesterase 
(PME) in stored avocado fruit. Awad and Young (1979) suggested 
that PME prepares the substrate for hydrolysis by PG by partially 
demethylating the pectin. 
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Awad (1977) reported that cellulase level in avocado is 
the highest ever to be observed in any plant tissues. Awad and 
Young (1979) found a relationship between the rapid increase in 
cellulase content after harvest and softening of ~he avocado. 
Flavour compounds 
The bitter flavour of immature avocado diminishes upon 
ripening in Fuerte and Hass avocados (Brown, 1972). Brown (1972) 
reported that there are three long chain C17 aliphatic compounds, 
contributing to the unpleasant flavour in immature avocados. The 
chemical structures of these three compounds are shown in 
Figure 2. 
2.5 Maturity. harvesting and handling 
Immature avocado fruit will take a longer time to soften than 
the mature fruit, but the quality of the immature· fruit will be 
poorer. For successful marketing of avocado, therefore, maturity 
standards are important. 
Minimum lipid ··content has ·been used as a measure· of maturity. 
California has set 8% lipid as a minimum for all varieties (whereas 
in Florida minimum weight and diameter are used); Israel, 7 to 
10% lipid and in Queensland 15% for Fuerte and some other varieties 
and 10% for the rest (Lewis, 1978). 
Mature avocados are· harv~sted manually, by clipping or 
snapping the stem at the base, cleaned, graded and pre-cooled 
before refrigeration and shipment. Well ventilated containers 
which can withstand stacking are recommended. Shipment temperature 
recommended varies with variety (Ahmed and Barmore, 1980). 
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Figure 2 Principal bitter tyoe flavour components present 
in immature avocado flesh (Brown, 1972) 
1 • 
2. 
3. 
HC=C-(CH )-CH-CH -CH-CH OH 
2"1 2 ,2 
OH OCOCH3 
HC:C-(CH )-C-CH -CH-CH -OCOCH 
2"11 2,2 3 
o OH 
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2.6 Fruit storage 
Storage of the fresh avocado fruit is the only means so far 
of preserving the fruit since heat treatment of avocado has not 
been successful due to the formation of off-flavour in, the heated 
product (Ahmed and Earmore, 1980). There are s~veral ways of 
storing the fresh fruit but they each have their own merits and 
demerits. 
2.6.1 Storage on the tree 
Avocado fruit does not need to be picked as soon as it 
matures, thus the season can be prolonged by storing the avocado 
in a mature state on the tree. Tingwa and Young (1975) reported 
that the inability of avocado fruit to ripen on the tree is due 
to a ripening inhibitor from the tree. 
The disadvantage of this method is that after picking the 
shelf life is reduced and internal seed sprouting may take place 
(Ahmed and Earmore, 1980). 
2.6.2 Refrigerated storage 
Avocados are susceptible to chilfing injury (Zaubermann, 
Schiffmann-Nadel and Yanko, 1973). Some varieties can not be 
o 
stored below 13 C whereas others can be successfully stored at 
6°C. For the varieties of West Indian, Guatemalan and Mexican 
o 0 0 
races, the recommended temperatures are 12.8 C, 4 C and 8 C 
respectively (Hatton ~ £1., 1965. Lutz and Hardenburg, 1968). 
Fuerte has been reported to store best at 7.20 C (Zaubermann, 
Schiffmann-Nadel and Yanko, 1977). At 40 C, Fuerte, Hass and 
Nabal can be stored from 2 to 4 weeks only. Fruits stored for an 
extended period of time generally ripen more quickly on removal 
from storage than do fresh non-stored fruit (Figure 3). Durirrg 
refrigerated storage a relative humidity of 80 to 90% is reco~mended 
(Lutz and Ha~denburg, 1968). 
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Figurp. 3 Effect of different storage temoeratures on the 
softening time of ruerte avocado fruit 
(Zaubermann .!l.i Al., 1977) 
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2.6.3 Controlled atmosphere storage 
In controlled atmosphere (CA) storage, the respiration rate 
is suppressed by low oxygen and high carbon dioxide levels 
(Biale, 1960) and also by carbon dioxide reducing the effectiveness 
of ethylene in ripening (Pratt and Goeschl, 1969). Spalding and 
Reeder (1972; 1974) reported that the use of 2% oxygen and 10% 
carbon dioxide atmosphere at 7.20 C doubled the storage life of 
avocados as compared with those stored under refrigeration (7.20 C) 
alone. Controll.ed atmosphere allows the use of lower storage 
temperatures· which would otherwise cause chilling injury to 
avocados (Spalding and Reeder, 1975). The best temperature for 
controlled atmosphere storage depends on the variety (Spalding 
and Reeder, 1972; 1976). 
2.6.4 Low pressure (hypobaric) storage 
In this process the oxygen concentration is reduced and 
ethylene and oth'er volatiles are removed by low pressure fruit 
storage, thereby r~tarding r;pening. 
Avocados have been successfully stored under low pressure 
(Apelbaum, Zaubermann and ruchs, 1977). rlorida avocados stored 
at 20 mm Hg and 4.SoC remained firm for 3 weeks with no chil.ling 
injury whereas those stored at 76 mm .softened with chilling 
injury (Spalding and Reeder, 1976). 
2.6.S Storage in sealed polyethylene'bags 
When fruits are packed in sealed polyethylene bags, the oxygen 
present is consumed by the respiring fruit-producing carbon dioxide 
thereby modifying the gas atmosphere inside the bag. Dudit and 
Scott (1973) reported considerable storage life extension in 
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avocado kept at 100 C in a sealed polyethylene bag. Scott and 
Chaplin (1978) found that avocados stored in air between 40 C and 
7.50 C for eight weeks suffered chilling injury, whereas similar 
fruit in a polyethylene bag stored at the same temperature 
showed no injury. 
2.6.6 Wax coatings 
Wax coatings on harvested fruits have usually been employed 
to retard moisture lass or simply to improve the appearance of the 
fruit. Various formulations of wax,with materials such as 
petroleum and vegetable oils,have been used with fruits (Ryall and 
Pentzer, 1974). Dalal, Eipeson and Singh (1971) used aqueous wax 
emulsions to extend the storage life of avocado at ambient 
conditions. 
2.6.7 Pro-long 
Pro-long is the ~rade name for a product of TAL Chemicals Co. 
Ltd., used for coating fresh fruits and vegetables. When dissolved 
and dispersed in w"ter, Pro-ion"g forms a thin coating -on same 
fruits and vegetables,which reduces the metabolic rate by altering 
the permeability of the skin to gases/in such a way that the 
permeability of oxygen is reduced,while that of carbon dioxide is 
little affected (Lowings and Cutts, 1981). This material was 
first developed as a treatment far bananas, but it has already 
proved of value to many other fruits and vegetables. 
Pro-long is a food additive formulation made· from 3 EEC 
approved food additives, i.e. (1) E473 - sucrase esters of fatty 
acids; (2) E466 - carboxymethylcellulose and, (3) E471 - mono 
and diglycerides of fatty acids. All ingredients are manufactured 
to EEC specifications as food additives"and are approved for use 
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in those countries whose national regulations have been harmonized 
with those of the EEC. The amount of Pro-long mixture to treat 
the fruit consumed in normal diet is well below the maximum 
limits recommended for each ingredient by the Joint fAO/WHO 
Expert Committee on food Additives. As a formulation it has 
been approved for use in the treatment of fruit in many countries 
(Cutts, 1982). 
Pro-long is non-flammable (flash point 2SooC), does not 
constitute a fire hazard and is not known to present serious 
hazards r but skin irritati,on may occur after prolonged contact 
with the dry powder. Pro-long emulsion in water has a pH range 
of 6.5 to 7.5, and is compatible with many other chemicals used 
in' the fruit treatment industry. 
The storage life of a wide range of fruits and vegetables has 
been extended as a result of Pro-long treatment. These fruits 
include bananas, apple, pear, plums and. pineapples (Cutts, 1982); 
limes (Motlagh, 1982); and mangoes (Dhalla, 1982). fruits of the 
family Solanaceae (i.e. tomato, sweet pepper and aubergine) do not 
respond satisfactorily to Pro-long (Lowings and Cutts, 1981) 
possibly because the skins of' these fruits are difficcl:t to wet 
with the Pro-long emulsion. 
Pro-long has not previously been used with avocados and no 
previous studies on its effect on respiration rates of fruits have 
been conducted. 
2.7 fruit ripening 
Avocados ripen only after harvest. The rate of ripening of 
avocados depends on various factors with storage temperature being 
one of the major factors (see figure 3). The quality of the ripe 
fruit depends on the storage temperature. Between 1SoC and 21 0 C 
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is considered the best ripening temperature for most varieties 
(Ahmed and Barmore, 1980). Ripening at 300 C results in uneven 
softening, off-flavours, discoloration, increased decay, shrivelling 
and no climacteric (Biale and Young, 19b2; Hatton ~ ~., 1965; 
Zaubermann-~ ~., 1977). 
Endogenously produced ethylene initiates ripening (Burg and 
Burg, 1965a). For the Fuerte variety, Biale (1960) showed that 
10 ppm is required to initiate the rise in respiration. Gazit 
and Blumenfield (1970) treated Hass avocados on the tree with 
ethylene and obtained no response. After harvesting, the 
difference between the treated fruit and the control was observed 
only when treatment started 25 hours or more after picking. They 
thus assumed that an endogenous tree factor inhibited the action of 
ethylene. This assumption was supported by the work of Tingwa 
and Young (1975). Baur ~~. (1971) using methionine with 
radio-actively labelled carbon showed that in Fuerte avocado 
methionine is a physiological precursor of ethylene •. 
Ripening of avocado fruits is associated with a rise in 
respiration rate, i.e. it is a climacteric fruit (Biale, 1941). 
Rise in respiration means an- increase in energy utiliz-ation 
ultimately leading to deterioratio~ of the fruit. 
Respiration produces heat which is an important factor in 
moisture loss even at 100% R.H. (Lentz, 1963). Littmann (1972) 
and Adato and Gazit (1974) suggested that a higher rate of moisture 
loss from stored avocados accelerated ripening rate and ethylene 
production. 
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2.8 Physiological disorders and diseases of the avocado 
2.8.1 Chilling injury 
Avocados sustain chilling injury when exposed to low 
temperatures, thus precluding their storage at temperatures that 
otherwise would prolong their ·storage life. Susceptibility to 
chilling injury of avocados varies among varieties and may also 
be influenced by climatic conditions (Zaubermann ~ al., 1977). 
Symptoms of chilling injury include a greyish-brown discoloration 
of the vascular system, uneven ripening and off-flavours (Hatton 
~~., 1965). While in storage the fruit may appear satisfactory 
but will develop chilling injury when ripened (Hatton ~~., 1965; 
Zaubermann, Schiffmann-Nadel and Yanko, 1973). 
2.8.2 Partial non-softening of fruit 
Oppenheimer (1960) observed localized hard areas with a 
rubbery texture in otherwise ripe fruits between the stem end 
and the seed with no external symptoms. This disorder has been 
observed only in F'uerte and i'eiated varieties and ii-associated 
with low yield, delay in harvest, large size of fruit, non-adhering 
seed coats and external spoilage. Harvesting at proper maturity 
is one of the means of controlling this disorder (Ryall and 
Pentzer, 1974). 
2.8.3 Freezing in jury 
Unripe frozen avocados fail to ripen even at optimum ripening 
temperatures. The flesh remains tough, rubbery with internal 
cracks (Ryall and Pentzer, 1974). 
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2.8.4 Heat damage 
Brief exposure of avocados to 29.40 or above leads to uneven 
ripening with poor flavour and avocados ripened at temperatures 
above 21.1 0 C are not of optimum quality (Ryall and Pentzer, 1974). 
Van Lelyveld and Swarts (1978) reported that temperature 
shock, i.e. high temperature (40 0 C) to low temp~rature (S.SoC) 
storage causes injury to certain cells in fuerte avocado and when 
cut, an enzymatic catalysed discoloration (pulp spot) develops. 
2.8.S Diseases 
There are two major types of post-harvest decay of avocado; 
anthracnose or black spot decay caused by the fungus Colletotrichum 
gloeosporioides Penz., and stem end rot, which is caused by the 
fungi Diplodia natalensis Pole-Evans, Phomopsis spp. and Dothiorella 
spp. (Ahmed and Barmore, 1980). In addition, of lesser importance 
is the post-harvest Rhizopus rot, caused by Rhizopus stolonifera J 
and a field disease scab, caused by Sphacelona perseae. 
Anthracnose: Binyamini and Schiffmann-Nadel (1972) report 
that latent infect~on of avo::ados with C. gloeosporioides 
while the fruit is developing on the tree. 
The fungus infects the fruit through lenticels and :injuries, 
since the parasite is unable to penetrate healthy fruit. The 
organism spreads rapidly into the flesh causing a firm greenish 
black decay when the fruit ripens. Control depends on the use of 
fungicides during fruit development. However, there are no 
fungicides currently available to control the disease once the 
fruit has latent infection (Ahmed and Barmore, 1980). At 7.20 C 
storage avocados are seldom affected by this fungus (Ryall and 
Pentzer, 1974). 
Stem end rot: the organisms as mentioned above infect at 
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the stem end of the fruit and develop as the fruit ripens. The 
fungus causes a dark brown to black discoloration of the fruit. 
Schiffman~Nadel. Cohn and Arzee (1970) reported that harvesting 
avocados with stalks 6 to 10 mm rather than the usual 2 to 3 mm 
greatly reduces the incidence of Diplodia stem end rot. 
Rhizopus rot: between 23.90 C and 29.4oC the organism 
Rhizoous stolonifera develops very rapidly causing a soft watery 
decay and a greyish white mycellial growth forms on the surface 
of the affected areas under moist conditions (Ryall and Pentzer, 
1974). Infections occur at skin, breaks or at open stem scars. 
Below 100 C the development of Rhizopus is stopped. 
Scab: this is purely a field disease, and does not appear 
during marketing)but it can cause losses from cullage at harvest. 
Symptoms include raised corky spots on the fruit which are dark 
brown to purplish brown and in severe infections a russeted 
appearance is produced. The disease therefore affects the skin 
only, the flesh quality is not affected (Ryall a~d Pentzer, 1974). 
2.8.6 Chemical control of post harvest diseases 
Tropical fruit's are prone to infection at all stages of 
development. Therefore, it is necessary that fungicides be 
applied at regular intervals during the fruits development 
(Eckert, 1980). There are many fungicides which can be used in 
reducing decay during storage but regulations and safety factors 
limit their use. 
Benomyl and thiabendazole (see Figure 4) are active against 
a wide range of pathogenic fungi but have little, if any, activity 
against Rhizopus, Alternaria or Geotrichum (Eckert, 1980). 
Benomyl has provided excellent control of anthracnose in mangoes 
(Eckert, 1980) and since the same organism (Colletatrichum 
g!o8Qspgrigides)causes anthracnose in both mangoes and avocados, 
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Figure 4 Structures of benomyl and thiabendazole 
(Eckert, 1980) 
benomyl 
thiabendazole 
-~-
benomyl might also be effectively used on avocados, although this 
has not previously been tested. 
Eenomyl is sold as a field fungicide but is not in the 
current list of food additives permitted in the UK. However, 
thiabendazole is sold as a post-harvest fungici~e and is one of 
the food additives permitted in the UK, with EEC No. E233 
(Egan, Kirk and Sawyer, 1981). 
2.9 Aims of the present work 
The investigation reported in this thesis is a part of a 
broad programme of research by Geest Holdings and T.A.L. Chemicals 
Ltd., on the use of Pro-long to extend the storage life of fresh 
fruits and vegetables in order to facilitate local and international 
trade of such commodities. Earlier studies dealt chiefly with 
bananas and citrus fruits and studies are currently being 
conducted on a wide range of .f~esh fruits and vegetables. Avocado 
being highly perishable, difficult to heat process, and with a 
large potential market was chosen as one of the priority fruits. 
The primary objectives ef·this investigation were··to determine 
the optimum concentrations of Pro-long emulsion for the Fuerte 
avocado varietyJalthough some work was also done on Hass variety, 
and the optimum conditions for storage on a laboratory scale. 
To meet these objectives the 'following aspects were considered< 
a) Treatment of avocados with different concentrations 
of Pro-long; 
b) storage of Pro-long treated fruit under different 
environmental conditions; 
c) post-harvest fungicide application; 
d) assessment of changes during ripening of 
treated and control avocados. 
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The parameters assessed included weight loss, texture, 
respiration rate, moisture, lipid, acidity, vitamin C, 
chlorophyll, carotenoids, sugars and phenolic content. Organ-
oleptic assessment was also carried out. 
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3. EXPERIMENTAL 
3.1 Materials 
The fuerte variety of avocado, Persea am~ricana Mill.,was the 
main variety used in this project although some'data were also 
obtained for the Hass variety. The fruits from Kenya, Israel, 
Mexico and South Africa were supplied by Geest Holdings Ltd., 
Spalding. The exact age of the fruit was not known but were 
estimated to be about seven days old. As soon as the fruit 
arrived in Spalding, they were immediately despatched to the 
author in Grimsby. Only sound hard fruits with stalk ends were 
selected for this investigation. The fruits were supplied from 
November 1981 to October 1982. 
Pro-long in spray dried form was supplied by Geest Holdings 
Ltd. 
Du Pont Benlate, the trade name of the benomyl fungicide used 
was manufactured by Du Pont Co. (UK) Ltd., London and contains 50% 
(w/w) active ingredient. 
Stori te is the. trade name. of the thiabendazole fungicide used; 
it contains 60% (w/w) active ingredient and is manufactured by 
Merck Sharp and Dohne Ltd., Hoddesdon. 
The campden tablets used contained 93% sodium metabisulphite 
and 5% potassium benzoate and are manufactured by Boots Company 
Ltd., Nottingham. 
3.2' Treatment with fungicides and Pro-long 
Initially, the fruit were washed with cold tap water, but in 
later experiments, they were washed with Campden tablet solution 
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(one 500 mg tablet per 3 litres cold tap water). They were then 
left to dry, before dipping into fungicide solutions. 
During the preliminary experiments ranges of concentrations 
of the fungicides from 0.02% to 0.2% (expressed as the fungicides 
as supplied and not on active ingredient basis) were used. Later 
only 0.1% concentration was used for both fungicides. For Fuerte 
variety it was necessary to wash off excess fungicide with water 
because it was found that an interaction between the fungicides 
and Pro-long caused blemishes on the skin of the fruit for all 
concentrations used. The fruits were left to drain and dry after 
fungicide treatment. 
The following concentrations of Pro-long were used: 
1.0, 1.5, 1.8 and 2%. They were prepared according to the 
manufacturer's instructions: 200 cm3 of cold tap water were 
placed in a beaker and the required amount of Pro-long (to make 
1 1) added and mixed with a magnetic stirrer for several minutes. 
800 cm3 of water were then added and the contents restirred to/ 
give homogeneity. The mixture was left standing for at least 3 
hours and then thoroughly restirred before dipping the fruits. 
Fruits were dipped into-the Pro-long preparation-by hand and 
then placed .on a wire mesh to dry for several hours. The fruits 
were then packed into ventilated fruit cartons and placed in the 
required storage environment. 
3 •. 3 Storage conditions 
In storage under ambient conditions temperature ranged from 
16°C to 23 0 C and R.H. 40% to 60%. 
In the constant environment chamber (Fisons Scientific 
Apparatus Ltd.,.Loughborough) the humidity waS kept at R.H. 80 + 5% 
w'hile the following storage temperatures were used: (a) 7°C; 
(b) 130 C and (c) 21 oC. At R.H. 90 + S% temperatures 16 0 C and 2SoC 
were used. 
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3.4 Methods 
Two fruits from each batch were randomly picked for initial 
analysis and during storage 2 fruits were removed periodically 
for analysis, frequency of analysis depending on the storage 
temperature. for analysis thin longitudinal secti~ns were cut 
from each fruit and chopped. The results for the two fruits 
analysed were then averaged. 
3.4.1 Weight loss 
fruits were weighed periodically during storage using a 
Sartorius (model 2251) top load balance and percentage weight loss 
assessed. 
3.4.2 Texture 
An Instron food Testing Instrument (Model 1140 ) was used to 
measure texture. 1 cm thick slices cut across the fruit from the 
stem end to the blossom end of the fruit were pierced with a 0.6 cm 
diameter plunger (drive speed 200 mnr/min and chart spe.ed 200 mm/min) • 
The readings from the 2 sides were averaged and expressed in kg. 
The amounts of fruits which had attained the fully ripe state 
were estimated subjectively by finger or thumb pressure. 
3.4.3 Total chlorophylls in' the peel 
The method outlined by Holden (1976) was followed: 
A 1 9 sample of avocado peel was ground with acid washed sand 
and 20 cm3 80% acetone in a pestle and mortar. The extract was 
filtered through 2 cm diameter filter paper (Whatman No. 541) 
using a Buchner funnel. The residue was re-extracted 3 times with 
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10 cm3 portions of 80% acetone. The combined acetone extract was 
made up to 50 cm3 with 80% acetone in a volumetric flask. Using 
1 cm cells and 80% acetone as blank, absorbance was determined 
at 645 nm and at 663 nm (Arnon, 1949; Holden, 1976) on a 
Spectroplus-D spectrophotometer. Total chlorophyll in the 
extract was calculated from the following formuia (Arnon. 1949): 
Total chlorophylls(mg/l) 2 20.20645 + 
Where 0 is absorbance. This value was multiplied by a 
dilution factor to obtain the total chlorophyll in the peel. 
3.4.4 Total carotenoids in the avocado flesh 
A direct colorimetric method described by Roy (1973) was 
used: 
10 mg beta-carotene were dissolved in 
. 0 (b.p. 60-80 C)-acetone mixture to make 100 
3:2 petroleum ether 
3 
cm solution in a 
volumetric flask. 0 to 10 cm3 aliquots of this standard beta-
carotene solution were pipetted into 100 cm3 volumetric flasks and 
diluted with the solvent mixture to volume with thorough mixing. 
Absorbance readings were taken in Spectroplus-D spectrophotometer 
at 450 nm using 1 cm cells and the solvent mixture as blank. A 
standard curve was then prepared from these readings. 
A 5 g sample of avocado flesh was ground with acid washed 
3 
sand and 20 cm 3:2 petroleum ether-acetone mixture in a pestle 
and mortar. The extract was filtered through 2 cm diameter 
filter paper (Whatman No. 541 using a Buchner funnel. The residue 
was re-extracted 3 times with 10 cm3 portions of the solvent 
3 
mixture. The combined extract was made up to 50 cm in a 
volumetric flask. Using 1 cm cells and the solvent mixture as 
blank, absorbance was determined at 450 nm on Spectroplus-D 
spectrophotometer. 
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3.4.5 Vitamin C 
The 2,6-dichlorophenolindophenol visual titration method 
was used (A.o •. A.C., 19 BD) • 10 g of chopped avocado flesh sample 
3 
were homogenized with 50 cm extracting solution (15 g metaphosphoric 
acid + 40 cm3 . acetic acid + 200 cm3 water diluted to SOD cm3 ) 
3 
and centrifuged at 2000 rpm for 10 minutes. 10 cm of the 
supernatant were removed and titrated against the dichloro-
phenolindophenol solution. 
3.4.6 Moisture 
Moisture was determined by the EEC recommended method -
ISoR 1442 - 1973 (Commission of European Communities EEC, 1979) 
and the dried sample was used for lipid content determination. 
3.4.7 Phenolics 
The method described by Swain and Hills (1959) and Prabha , 
and Patwardhan (19BO) was used with tannic acid as the standard 
(Hatton, Harding arid Reeder, '1964). 
3 Folin-Denis Reagent' to 7.5 cm water, 10 g hydrated sodium 
3 tungstate, 2 g phosphomolybdic acid and 50 cm H3P04 were added 
and refluxed for 2 hours cooled and then diluted to 100 cm 3 • 
Sodium carbonate solution' 35 9 anhydrous Na2C03 were dissolved 3 0 
cm water at 70-80 C and cooled overnight. The super-in 100 
saturated solution was seeded with crystals of Na2C03.10 H20 
and after crystallization, centrifuged at 2000 rpm for 10 minutes. 
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Tannic acid standard solution: 100 mg tannic acid were dissolved 
in 1 I water. 
Preparation of standard curve: 0 to 1 cm3 aliquots standard 
tannic acid 'solution· were pipetted into a 10 cm3 volumetric 
flask and diluted to about 7 cm3 • The contents were well mixed, 
0.5 cm3 of Folin-Denis reagent was added and thoroughly mixed. 
3 3 minutes later, 1.0 cm of saturated sodium carbonate solution 
was added and the mixture made up to 10 cm3 with H20 with mixing. 
After one hour· the absorbances were determined in 1 cm cells at 
725 nm,using~s a blank water and reagents only,on a Spectroplus-D 
spectrophotometer. Absorbance against concentration of tannic 
acid was plotted. ' 
Preparation of the sample 90lutibn: g of chopped avocado 
3 flesh sample was homogenized with 50 cm simmering 85% ethanol in 
water, filtered through Whatman No. 541 filter paper and the 
residue re-extracted. The combined extract was evaporated to 
low volume in a rotary film evaporator at 40°C, cooled and 
3 
extracted with petroleum ether·(b.p. 6o_BooC) (4 x lo'~m ) in a 
separating funnel to remove lipids and pigments. The extract was 
diluted to 100 cm3 with water and used for determination. cm3 
of the sample was used as per the standards except that the 
solution was centrifuged before placing in the cell. 
3.4.B Reducing sugars 
The modified method of Lane and Eynon (1954) was used. 
Extraction: 100 g chopped avocado flesh sample was macerated 
with sufficient hot ethanol containing 0.1 g calcium carbonate 
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such that the final concentration of ethanol was 80%. The 
homogenate was heated in a beaker covered with a watch glass 
on a water bath for 30 minutes stirring frequently. The cool"ed 
homogenate was filtered through Whatman filter paper (No. 541) 
on a Buchner funnel under suction. The residue was re-extracted 
with 250 cmJ 80% ethanol and the combined ethanol extract 
evaporated to low volume in a rotary film 
cooled and extracted with petroleum ether 
o 
evaporator at 40 C, 
(b.p. 6o_8ooC) (4 x 25 cm3 ) 
in a separating funnel to remove lipids. The solution was 
3 . .. 3 
transferred to a 100 cm volumetric flask, 1 to 2 cm 
acetate solution added and the mixture diluted to 100 
basic lead 
cm
J 
with 
disti1led water. After thorough mixing and centrifuging, 1 g 
sodium oxalate was added and the mixture was re-centrifuged. A 
modified SO cmJ burette with a fast running jet was filled with 
the solution. 
Titration: equaL quantities of Fehling's solution A and B were 
mixed. 
3 250 cm 
10 or 25 cmJ of 
conical flask. 
the' mixed solutions were pipetted into a 
15 cm3 of the test solution from the 
burette and a smal~ pinch of_ boiling granules were added to the 
flask. The flask was then heated on a bunsen flame to boiling. 
After 2 minutes boiling, J drops of methylene blue indicator were 
added and the-titration carried out so that the solution did not 
go off the boil. The end-point, was reached when a brick red 
colour developed. The titratio~ was repeated adding the whole of 
3 the initial test titre less 0.5 cm and then titrated at a slow 
rate. Any end-point not within 15 to 50 cm3 was discarded. The 
tables of Lane and Eynon (1954) were used for reducing sugar 
calculation. 
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3.4.9 Paper chromatography of the sugars 
50 g chapped avocado flesh sample was macerated with enough 
hot ethanol to make the final ethanol concentration 80%. The 
homogenate was heated in a beaker covered with a watch glass on 
a water bath for 3D min stirring frequently. The cooled 
homogenate was filtered through Whatman filter paper (No. 541) 
on a Buchner funnel. The residue was re-extracted with 200 cm 3 
BOlb ethanol. The combined ethanol extract.was evaporated to low 
volume in a rotary film evaporator at 40oC, cooled, and extracted 
with petroleum ether (b.p. 60_800 C) {4 x 25 cm3 ) in a separating 
funnel to remove lipids. The concentrate was then cleared with 
10lb AI(OH)3 suspension (Harley and Jennings, 1958) filtered and 
deionized by shaking with a mixture of Amberlite resins 
(IR-45.0H and IR-120.H) (Davenport and Ellis, 1959; Lewis and 
Harley, 1965) and filtered. This solution was used directly for 
paper chromatography. 
Paper chromatography was carried out on Whatman No. 1 filter 
paper by descending method at room temperature using ethyl 
acetate:acetic acid:water (14:3:3) solvent system (Jukes, 1978). 
Reagents used for detection were: 
a) Silver nitrate (Trevelyan, Procter 'and Harrison, 1950): 
A paper strip was dipped into silver nitrate solution in 
acetone, followed by drying in air, immersing in 5lb 
ethanolic sodium hydroxide solution and washing in 10% 
sodiu~ thiosulphate solution and water. 
b) P-anisidine (Lewis II al., 1972; Jukes, 1978): 
A paper strip was sprayed with p-anisidine reagent 
containing 3 g p-anisidine hydrochloride in 100 cm3 
moist butanol acidified with 2 cm3 concentrated hydro-
40 -
chloric acid and then heated at 60 0 e for 10 minutes. 
Another strip was sprayed with p-anisidine reagent 
containing 3% p-anisidine 
with 2 cm3 glacial acetic 
at 1000 e for 10 minutes. 
hydrochloride in moist butanol 
3' 
acid per 100 cm and heating 
c) Orcinol-trichloroacetic acid (Klevstrand and Nordal, 1950): 
0.5 g orcinol and 15 g trichloroacetic acid were dissolved 
in 100 cm3 water saturated with n-butanol. A strip of 
paper was sprayed with this reagent and then heated at 
lo50 e for 20 minutes. 
3.4.10 Lipid content 
The dried sample from moisture determination was ground in a 
pestle and carefully transferred to the Soxhlet extraction 
thimble. The moisture dish and pestle and mortar were wiped 
with small pieces of cotton dampened with petroleum ether 
o (b.p. 6o-Bo C). The cotton pieces were transferred to'the 
thimble. The thimble was placed in the Soxhlet extractor and a 
weighed 250 cm3 round bottom flask containing 150 cm3 petroleum 
ether (b .p. 6o_Booe) connected. The sample was extracted under 
reflux on a water bath for 4 hours. The petroleum ether was 
distilled off and tha flask and ail dried,at l03 0 C for 5 hours 
in oven, cooled in a desiccator and weighed. 
3.4.11 Acidity of the avocado flesh 
5 g chopped avocado flesh were homogenized with 50 cm3 hot 
ethanol. The contents were brought to the boil on a water bath 
and titrated with 0.1 N NaoH solution using phenolphthalein 
indicator (BS 6B4, 1976). 
Acid value 
Where V 
P 
M 
3.4.12 Acidity of the oil 
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= 56.1 V P 
M 
3 
= Volume of NaOH solution used in cm 
= Normality of NaOH 
= Mass of the flesh used in g 
The extraction is based on a modification of Bligh and 
Dyer's method (Hanson and Olley, 1963): To 100 g avocado pulp 
sample, 100 cm3 chloroform containing 0.01% BHT (Grimsby College, 
1980) were added and homogenized for 30 seconds. During 
homogenization the flask was held in an ice/water mixture. The 
homogenate was centrifuged at 2000 rpm for 20 minutes. The lower 
chloroform layer was drawn off and the chloroform distilled off 
using a rotary film evaporator at 300 C followed by a stream of 
nitrogen and finally using a rotary oil pump. 
2 g of the avocado oil was used for acidity determination 
as described in section 3.4.11. 
3.4.13 Respiratory rate 
figure ·5 shows the arrangement of the apparatus used to 
measure the respiratory rate of the fruit based on the method 
described by Smock (1942): 
Weighed individual avocado fruit samples, stored in the dark, 
were put into the desiccators and placed in the dark. Carbon 
dioxide free air (C02 < lVpm, BOC Special gases, London) was 
passed over the fruit and also through an empty desiccator (blank) 
at a rate of 20 litres h-1 (measured using soap bubble flowmeters) 
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Figure 5 Apparatus for measuring the resoiratory rate 
CO2 free air ~=====~ 
desiccator ~ 
, 
avocado 
test sample 
0.1 N NaOH 
solution in 
centrifuge tube 
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far 2 hours. The carbon dioxide absorbed by 50 cm3 0.1 N NaoH 
solution in the centrifuge tube was precipitated using 6 cm3 
20% barium chloride and centrifuged at 2000 rpm for 15 minutes. 
The solution was pipetted into a 500 cm3 conical flask and the 
precipitat~ washed twice with 25 cm3 H20 and centrifuged. The 
combined solution in the conical flask was titrated against 0.1 N 
HCI solution with methyl orange as indicator. 
3.4.14 Test for the efficacy of the fungicides 
Deteriorated avocados were swabbed with ethanol and small 
portions of the areas infected by fungus inoculated onto 
Potato Dextrose Agar (PDA) plates and incubated at 25 0 C for 7 days. 
Plugs (0.7 cm diameter) of mycelium were transferred to a series 
of PDA plates containing 0, 25, 50, 75, 100 and 200 ppm of the 
fungicides, benomyl and thiabendazole (as supplied) incubated at 
o 25 C and fungal growth assessed once a week for two weeks by 
measuring the diameter of growth and subtracting the diameter of 
the plug. 
3.4.15 Taste panel 
Five panellists were chosen from the technical staff and 
students at Grimsby College of Technology based on their previous 
experience, ability to conform with the mean ratings of the group 
and availability. The five judges were requested to assess samples 
identified by symbols,. triangle. square and circle, on flavour, 
texture and appearance. A five point hedonic scale (Peryam and 
Pilgrim, 1957) was used as shown on page 44. Only ripe fruits 
were used for taste panel work. 
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TASTE PANEL SCORE SHEET fOR AVOCADO 
NAME ••••••••••••••••••••••••••••• Time ••••••.•••• Date 
Please indicate your opinion of each of these samples by ticking the 
appropriate descriptive term and by making comments where possible. 
fLAVOUR Sample Code 
Descriptive terms 5core 
Good flavour, free from off-flavour 5 
Acceptable,probably free from off-flavour 4 
Questionable off-flavour 3 I I 
Slight off-flavour 2 
Definite off-flavour, unacceptable 1 
Comments: 
... 
. 
TEXTURE Sample Code 
Descriptive terms Score 
Good, ripe uniform texture 5 
Acceptable,probably not too hard/soft* 
texture 4 
Questionable too hard/soft* texture 3 
Slightly too hard/soft* texture 2 
Definitely too hard/soft* unacceptable 1 
* Delete as appropriate if ticked please. 
... . ... 
Comments: 
APPEARANCE Sample Code 
Descriptive terms Score 
Good,entirely free from discoloration 5 
Acceptable,probably free from discoloration 4 
Questionable discoloration 3 
Slight discoloration 2 
Definite discoloration, unacceptable 1 
Comments: 
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4. RESULTS AND DISCUSSION 
4.1 General considerations 
For the avocado fruit, there are compositional differences 
due to seasonal and geographical variations (Bi~le and Young, 1971). 
Since avocados received during this study came from three 
continents at different times of the year, one would expect their 
composition and behaviour during storage to differ, as was found 
to be the case. 
The extent of fungal attack observed during storage relates 
to the degree of latent infection of the fruit and differences in 
response to fungicide treatments among the batches received could 
be due to differences in horticultural practices and the sanitary 
precautions taken during handling and transportation. 
The storage temperatures employed were chosen based on the 
following: 
2SoC was considered as a typical tropical/subtropical 
temperature. Since avocado ~s. a subtropical fruit. th.e use of 
Pro-long immedietely after harvest in the field could at least 
slew down the ripening process to allow transportation to immediate 
markets or to cold stores without the need for expensive refrigerated 
vehicles etc. 
21 0 C was considered as typical temperate· ambient temperature 
and it is in temperate western market where avocados are progress-
ively gaining popUlarity. It is also the maximum temperature for 
optimum ripening of avocados (Hatton ~~., 1965). If the fruits 
o 
could be transported and stored at 21 C for an extended period of 
time, there would be no need for expensive refrigerated storage. 
As a result, consumers in the temperate markets would receive the 
fruit at a cheaper price and more regularly. True ambient condition 
. 0 0 
were also employed and temperature varied between 16 and 23 C. 
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16°C was chosen because it is considered as the ideal ripen-
ing temperature for optimum quality and ripening at 16°C is 
oomparatively slow (Lutz and Hardenburg, 1968; Hatton ~~ •• 
1965). Since at this temperature the ripening was slow with no 
effect on the quality, most of the biochemical changes assessed 
during ripening were done on avocados stored at this temperature. 
13°C is the lowest temperature which was considered as safe 
for most tropical fruits as far as chilling injury is concerned. 
This temperature was chosen with mixed loads of tropical fruits 
in mind. 
7°C is the suggested optimum storage temperature for ruerte 
avocados (Zauberman ~~., 1977). However Vakis (1982) reported 
that 4 weeks storage at 8 .8 0 C res~lts in slight discoloration of 
flesh and longer storage results in chilling injury. Since storage 
of avocados at low temperatures is limited by chilling injury, this 
temperature was chosen to find out in part whether Pro-long has 
any effect on reducing chilling injury as suggested by Lowings 
and Cutts (1982). 
Initially R.H. 90 + 5% was chosen but in" later trials a lower 
R.~. (80 + 5%) was also used since at R.H. 90% microbial growth was 
greatly enhanced at the post ripening stage~ 
The variety ruerte was chosen b~ause it is the most popular 
variety iro Britain and has a fairly long season. However, during 
the last few months of practical work unwaxed ruerte variety could 
not be obtained, therefore Hass variety was used instead. 
The levels of Pro-long concentrations used were based on the 
preliminary experimental results. It was, however, found that 
findings differed from one batch to another depending on the source 
and time of the year. The levels 1 .5~~ and 1.8% Pro-long were 
chosen for ruerte variety mainly on the basis of organoleptic 
evaluation, extension of shelf-life, retardation of weight loss 
and the ability to wet the whole fruit. 
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4.2 "'eight 10s9 
figure 6 shows that there is a reduction in weight loss with 
increasing Pro-long concentration (1.5%, 1.8% and 2%) but the 
difference is not significant (P 0.05). Analysis of variance 
of the fruits treated with 1.5%, 1.8% and 2% Pro-long showed that 
there was no significant difference (P 0.05) in weight losses 
between the three groups during storage at the three temperatures 
studied, i.e. 7°e, DOe and 21 0C (R.H. 80';' 5%). 
Tables 6, 7, 8 and figure 7 give ~he percentage weight losses 
of control and 1.8% Pro-long treated fuerte avocados stored at 7°C, 
130 C and 21 0 e (R.H. 80 + 5%). 
At 7°C (Table 6) during storage the difference in weight 
loss between the control and treated fruits is not significant 
(P 0.1) whereas at 13°C and 21°C the difference is highly 
significant (P 0.001). This implies that at 70C, as far as 
weight loss is concerned, there is no advantage in using Pro-long. 
However, since cold-stored avocados are normally ripened at 
higher temperatures, the use of Pro-long may be desirable. Moreover, 
Pro-long reduces internal darkening and external discoloration of 
avocados stored at 7°C (see section 4.15). 
In terms of preventing weight loss alone 1.8% Pro-long 
coating at 21°C was more effective than lowering the temperature 
of untreated fruit to 13 0 C (see figure 7). Most fruits were 
shrivelled after 10% loss of weight. from this, taking 1010 weight 
loss as being the maximum that would be acceptable as 
from figure 7, 1.8% Pro-long treated fruits stored at 
"good quality", 
o 21 C would 
still be of "good quality" on day 13 while the untreated fruit 
would be of "good quality" only up to day 8. At 130 C, the 1.8% 
Pro-long treated fruits would be of "good quality" up to"day 23, 
whereas the u.ntreated fruit would be of "good quality" only up to 
day 13. At 7°C for both control and treated fruits, the weight loss 
is greatly reduced. 
figure 6 Effect of different concentrations of Pro-long og weight· loss of fuftrte avocados stored at 
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Table 6 Weight loss of fyerte avocados stored at 7 + 10 C. R.H. 80 + 5% and levels of significance for t-test of 
paired data 
Days in Weight loss (jI, ) Mean t-value Levels of significance 
, 
storage Control 1 .8% Pro-long di ff13rence 
Mean 5.0. Mean 5.D. 
7 0.53 0.28 0.37 0.15 0.16 1.03 Not 
. 
14 0.84 0.37 0.63 0.19 0.21 1.04 
21 1.85 0.69 1.30 0.33 0.55 1.40 
28 3.42 1.26 2.45 0.64 0.97 1.29 
35 4.44 1.22 3.53 0.78 0.91 1.17 
Results represent mean values of 6 determinations, mean weight of a fruit = 244.2 g (5.n. =·18.1) 
5.n. = standard deviation. 
11 
11 
11 
11 
significant (P>O.l) 
11 11 
11 11 
11 11 
11 11 
Table 7 Weight loss of Fuerte avocados stored at 13 + 10 C. R.H. 80 + 5% and levels of significance for t-test 
of paired data 
Days in Weight loss (%) Mean t-value Levels of significance 
storage Control 1.8% Pro-long difference 
Mean S.D. Mean 5.D. 
4 3.97 0.94 
, 
2.33 0.61 1.64 3.48 Significant (P<O.Ol ) 
7 6.87 1.50 4.07 0.64 2.80 4.45 11 11 
11 10.20 2.09 5.83 0.73 4.37 5.61 11 11 
17 13.48 2.14 7.50 , 0;96 5 • .98 5.60 11 11 
21 16.73 2.51 9.50 1.15 1.23 8.58 Highly significant (P(O .001 ) 
24 20.58 4.61 10.93 1.25 9.65 5.70 Significant (P<O.Ol) 
28 22.61 4.71 12.45 1.29 10.16 5.92 Highly significant (P<O.OOl ) 
32 24.50 5.18 13.23 1.23 11 .27 6.03 11 11 11 
Results represent mean values of 6 determinations, mean weight of a fruit = 276.7 g (S.D. = 27.0). 
U1 
o 
Table a Weight lass of Fuerte avocados stored at 21 + 1°C. R.H. 80 + 5% and levels of significance for t-test of 
paired data 
Days in Weight loss (%) Mean t-value Levels of significance 
storage Control ],8% Pro-long difference 
Mean S.D. Mean S.D. 
1 1.60 0.22 ]'07 0.09 0.53 7.02 Highly significant (P<O.Ool) 
2 3.17 0.50 2.02 0.13 ], 15 6.25 " " " 
3 4.15, 0.75 2.63 0.20 ],52 5.38 Significant (P(o.ol) 
. 
5 6.38 1.00 4.17 0.34 2.21 6.21 Highly significant (P<O .001 ) 
6 7.75 ],28 4.97 0.43 2.78 6.26 " " . " 
7 9.00 1.48 5.68 0.51 8.52 6.67 " " " 
8 10.23 1.57 6.38 0.64 3.85 7.33 " " " 
9 11 .18 1 .71 7.27 0.68 3.91 _. 6.86 11 11 11 
Results represent mean values of 6 determinations, mean weight of a fruit = 220.8 g (5.0. = 15.9). 
U1 
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Figu=e 7 Effect of temcerature and Pro-Ieng ~n weic~t loss of 
Fuerte avoc:ado stored at R.H. 80 ! 5% 
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The loss of weight in stored fruit is mainly due to loss of 
water vapour by transpiration although some weight loss is due to 
loss of carbon in respiration (Lutz and Hardenburg, 1966)~ Water 
loss re~ults· in loss of saleable weight, shrivelling and violation 
of weight requirements for the container of fruit. The amount of 
weight loss by fruit in storage depends on the type of fruit. its 
size, composition, temperature, type of protective coating and 
packing, relative humidity and velocity of air movement (Wills 
~~., 1961)~ The mechanism of moisture loss from fruits is 
essentially the same as the evaporation of water. Water vapour, 
like other gases, moves from a region of high to a region of low 
concentration. Since the relative humidity of the internal 
atmosphere of the fruit is around 9910 (Lutz and Hardenburg, 1966) 
and that of the surrounding atmospheres is usually less, water will 
be lost from the fruit. However, Lentz (1963) reported that heat 
produced during respiration of a fruit can be an important factor 
in. moisture loss even at R.H. 100%. 
The natural waxy coating on the surface of avocado fruit 
restricts the loss of water vapour and the Pro-long coating is 
an extra barrier to water vapour movement. 
Pro-long coating affects both the exchange of air as well 
as moisture and the quantity of gas permeation would be expected to . 
be inversely dependent on the thickness of the membrane which relates 
to the concentration of the Pro-long used. Therefore for normal 
ripening and minimum loss of water, the optimum concentration of 
Pro-long has to be found experimentally for different fruits and 
even varieties within the same species. This is shown to ba the 
case by varieties Hass and ruerte avocados in the taste panel 
experiments described in Section 4 •. 15. 
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4.3 Texture 
Figure B shows the changes in texture of control and Pro-long 
treated Fuerte avocados stored at 130C, R.H. BD ~ 5% and under 
ambient (16°C_230C, R.H. 40-60%). The fruits were generally 
regarded to be at ideal ripeness when the texture reading using 
the Instron was between 1 and 0.5 kg. The fruits with texture 
less than 0.5 kg were regarded as over-ripe. Control fruits 
stored at ambient lasted for only one week·while those treated 
with 1.B% Pro-long lasted for more than two weeks under the same 
conditions •. 80th 1.8% Pro-long treated stored at ambient and 
controls stored at 13°C reached ideal ripeness in the third week 
of storage while the 1.8% Pro-long treated fruits stored. at 130C 
were regarded as ripe after five weeks of storage. 
Student's t-test analysis of the results at days 7 and 14 
indicate that the difference in texture between the controls and 
1.8% Pro-long treated fruits is highly significant (P 0.001). 
o Similar results were obtained with Hass avocados stored at 13 C, 
although at ambient, most of Hass avocados treated with 1.8% Pro-long 
did not ripen at all, and physiological disorders including darken-
ing, hardening and uneven softening of the mesocarp were observed. 
These results suggest that the Pro-long treatment retarded 
ripening and if an extended storage period is required, a 
combination of low temperature and Pro-long treatment would be very 
beneficial. 
Figure 9 shows the percentage Fuerte avocado fruits attaining 
the ready to eat ripe state for both controls and 1.8% Pro-long 
treated fruits stored at 16°C R.H. 90 + 5% as determined subjectively 
by thumb pressure. Most of the control fruits ripened after 6 days 
of storage while for the 1.B% Pro-long treated fruits, most ripened 
after 1B days of storage. Variation in ripening time within a 
figure 8 Texture changBs of fUBrte avocados starad at 13. ! laC R.H. 80 + 5'* Qnd pt ambient 
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Fioure 9 Rioening of Fuerte avocados stored at 16°C R •. Y. 90 :: 57; 
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given group of fruits (see Figure 9) may be attributed to 
difference in maturity on receipt. In avocados the difference 
in maturity is due in part to the flowering habit of the avocado 
tree. Generally the more mature the fruit is the fewer the days 
required to ripen (HattolT.!l..i.!!l., 1965). 
For the fruit to be acceptable to the consumer, it has to be 
capable of ripening. Therefore the higher concentration of Pro-long 
( 1. B%) which p:revented ripening of Hass avocados will not be 
acceptable to the consumer. Lower concentrations of Pro'-long did 
not wet the fruit well and so a complete covering of the fruit 
was not easily achieved. However by repeated treatment with the 
1.5% Pro-long it proved possible to get complete covering and 
prolonged storage of the Hass variety. 
4.4 Total chlorophylls in the peel 
For the Fuerte variety there was no significant difference in 
chlorophyll content between the unripe and ripe fruits (P> 0.1). 
The chlorophyll content of Fuerte avocado peel ranged. ,from 40 to 
B2 mg/loo g with no consistent change during ripening. 
Table 9 shows main values of chlorophyll content of the peel 
of Hass avocados at different days of storage at 16°C,R.H. 90 + 5% 
and the stUdent's t-test results. The difference between the 
control and 1.5% Pro-long treated Hass avocados is highly significant 
on day 21 (P< 0.0005). 
During ripening Fuerte avocado remains green whereas Hass 
variety changes from green to purple black. The colour changes for 
the Hass variety control and 1.5% Pro-long 'treated, are shown in 
the photographs in the Appendix. Retardation of ripening by 1.5% 
Pro-long is clearly observed. For both varieties it was observed 
that the green colour tended to accumulate just under the peel in 
Table 9 Chlorophyll content of control and 1.5% Pro-long treated Hass avocados stored at 16 0 C R.H. 90 ! 51-
and t-test results 
, 
Days in storage Control 1.5% Pro-long t-time Levels of significance 
mg/l00 9 S.D. mg/l00 9 S.D. 
1 69 10.1 69 10.1 
7 62 10.5 66 12.9 0.6 Not significant (P> 0.1) 
14 40 5.6 53 10.3 2.6 Probably significant (0.05> P>O.OI) 
21 29.5 4.6 43.7 4.0 10.9 Highly significant (P<0.OOO5) 
. 
The results represent mean values of 6 determinations. 
U1 
ro 
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the mesocarp (see photographs in the Appendix). Determination of 
chlorophyll in the mesocarp was not carried out i~ this study, 
but it is suggested that this could be investigated in further 
studies. 
The"gree,"\ coloration if> avocados is an important attribute 
to quality. The lass of chlorophyll in Hass peel during ripening 
is also a common occurrence in ripening and senescence of many 
fruits and vegetables. However, knowledge of its chemistry-is 
still limited. 
4.5 Total carotenoids in the avocado flesh 
The results of preliminary experiments suggested that there 
was an increase in total carotenoid in the mesocarp during ripening. 
However statistical-analysis, by the students t-test, did not 
reveal any significant difference between unripe and ripe fruit 
for either vari, ty. The carotenoid content in fresh mesocarp 
ranged from 0.7 to 2 mg/100 g for Fuerte variety, whereas for Hass 
variety the range was from 1.0 to 3 mg/100 g. 
These values are higher-than those quoted in Tabi"..- 5. This is 
not unexpected because the method used here did not include the 
standard procedures of column chromatographic separation of the 
carotenoids from interfering substances. However, the method used 
here is rapid and adequate (Roy, 1973) to compare the changes 
during ripening. Gross, Gabai and Lifshitz (1972) reported that 
for Nabal variety the concentration of total carotenoids varied 
between 10-14 pg/g fresh mesocarp. They however noted that 
literature values were contradictory. 
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4.6 Vitamin C 
In fruits and vegetables it has generally been reported that 
during storage vitamin C decreases (Pantastico, Chattopadhyay 
and Subramanyam, 1975). In this study it was found that far 
ruerte avocados vitamin C varied between 3 and 25 mg/100 9 of 
mesocarp an a fresh weight basis. There was no pronounced change 
during storage although a slight decrease was observed in same 
batches. 
4.7 Moisture 
The moisture content of Fuerte avocados stared at 16 0 C 
R.H. 90 ~ 5% increased during the first week of storage followed 
by a decrease subsequently far controls (see Table 10). The 
slight temporary increase is probably due to breakdown processes 
occurring during ripening and storage yielding water. Far example, 
during respiration glucose is oxidized as follows: 
During storage, fruits lose weight mainly in farm of water 
vapour, therefore the lass of water content with storage is 
expected. The change in moisture content during storage appeared 
to be. retarded by the Pro-long coating although the difference was 
not significant (see Table 10). EI-Zeftawi (1978), however, 
reported that increase and decrease in moisture level during 
storage may depend an time of harvest of the avocados. 
In same batches, the moisture content was as low as 62%. 
This is in agreement with observations by Pearson (1975) who found 
that moisture content in, avocados falls aver the season from 79% to 
Table 10 Mgisture content of control and 1.eo& PrO-Ioog trea"ted Fuerte avocados stored at 16 + 1 DC. R. H, 90 + 5°,t 
~ ----
Days in storage Control 1.6% Pro-long t-value Levels of significance 
% moisture 5.0. % moisture S.D. , 
0 76.5 2.6 76.5 2.6 
7 62.2 2.1 75.2 7.9 1.7 Not significant (P) 0.05) 
14 2.3 , 77 .2 2.5 0.7 Not significant (P) 0.05) 
21 71.7 2.9 76.6 3.4 2.4 Probably significant (0.05) P)O.Ol) 
Results represent mean values of 6 determinations and are expressed on fresh weight basis of the flesh. 
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51% depending on climate and variety. 
4.8 Phenolics 
In this study, the difference in total phenolics between ripe 
and unripe fuerte fruit was highly significant (P (0.0005) 
suggesting that phenolics in fuerte mesocarp increase with ripen-
ing of the fruit (see Table 11). The 1.8% Pro-long treatment 
retarded ripening (see section 4.3) and consequently the increase 
in total phenolics was also retarded. After 14 days· storage there 
is a significant difference (P< 0.01) in phenolic content between 
the control and 1.8% Pro-long treated suggesting that the control 
fruits are ripening and deteriorating faster than the Pro-long 
treated. 
Hatton .!il. a!. (1964) reported that for avocados there is a 
relationship between phenolic compounds and days in storage. They 
found that Guatemalan varieties range from 9.3 mg to 17 mg phenolic 
compounds per 100 g of flesh calculated as tannic acid. Golan 
.!il.Ai. (1977a) reported that the high rate of browning of fleshly 
cut fuerte avocado·fruits is· positively correlated wi"tli the total. 
phenolic content. They found total phenols to increase with days 
in storage ranging from 7 to 13 mg/l00 g fresh weight calculated 
as chlorogenic acid equivalent. Prabha and Patwardhan (1980) 
found phenol.ics to be· 0.10% for unripe and 0.8% for the ripe 
avocados calculated as gallic acid. The variation in reported 
phenol.ic content for avocados is probably due to different methods 
and varieties empl.oyed but the increase with ripening is common to 
all. Interfering substances which might lead to high results for 
phenolic content include ascorbic acid (Smit, Joslyn and Lukton, 
1955). 
Table 1.1 Total phenolics of control and 1.8% Pro-long treated fuerte avocados stored at 16 + 1% R.H. 90 !2i 
Days in storage Control 1.8')1. Pro-long Levels of significance 
Phenolics Phenolics t-value 
mg/lDO g 5.D. mg/l00 g 5.0. 
0 17 2.0 17 2 
7 24.7 2.1 19.8 2.1 ·3.0 Probably significant (0.05> P> 0.01l 
14 45.3 2.8 37.5 3.3 4.7 Significant (P<o.of) 
21 49.2 2.7 46 3.4 1.7 Not significant (P)O.osl 
Results represent mean values of 6 determinations calculated as tannic acid and are expressed on fresh weight basis 
of the flesh., 
'" w 
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Golan ~~. (1977b) found that during enzymatic browning 
of a cut Fuerte avocado mesocarp, there is a linear relationship 
between colour change and exposure time. They also found the 
rate of browning to increase in a manner corresponding to the 
climacteric. In this study, two to three hours. exposure of a 
cut Fuerte avocado mesa carp to air resulted in enzymatic browning. 
The rate of browning roughly corresponded with degree of ripeness 
and the length of exposure to air, as evidenced by visual observa-
tion-. 
4.9 Reducing sugars 
The reducing sugar content ranged from 0.9% to 2.4% (on 
fresh weight basis of the mesocarp) decreasing rapidly during 
storage and ripening. Fruits considered ripe enough to eat 
contained from 0.2% to trace amounts of reducing sugars. Results 
obtained in this study suggest that the prolong coating retarded 
the breakdown of the reducing sugars. Since respiratory rate 
decreased when the fruits were coated with Pro-long (see section 
4.13) ; it follows··therefore -that the rate of breakdown of 
reducing sugars will also be decreased. 
Pearson (1975) reported 0.5-2.2% reducing sugars for the 
unripe avocado flesh but did not detect sucrose. The paper 
chromatographic results in this study ·(see section 4.10) suggest 
that there is sucrose in avocado fruit and does not disappear 
during storage. Fructose disappeared during ripening (see section 
4.10) suggesting that the fall of reducing sugars during ripening 
is p"arUy due to the disappearance of fructose. 
Some fruits were exposed to sunlight during storage at room 
temperature. Determination' of reducing sugars in these fruits did 
not show any increase in reducing sugar content suggesting that 
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photosynthesis, which might take place due to the presence of 
chlorophyll, does not increase the reducing sugar content. 
4.10 Paper chromatography of the sygars 
Fuerte avocado mesocarp was found to contain soluble 
carbohydrates having similar paper chromatographic mobilities to 
those of inositol, sucrose, perseitol, glucose, mannoheptulose, 
sorbitol, fructose, arabinose, xylose and .• ibose. Table 12 
summarises the paper chromatographic mobilities and colour 
reactions of. these carbohydrates. 
The paper chromatograms of the unripe fruit extract (see 
Plate 1) suggested the presence of fructose, glucose, mannoheptulose, 
sucrose, perseitol and sorbitol and, possibly, inositol. DUring 
ripening, fructose, perseitol and sorbitol disappeared. Arabinose, 
ribose and xylose appeared in trace amounts during the early 
stages of ripening but they disappeared on full ripening of the 
fruit. 
Davenport and Ellis (1959) reported the presence of only 
sucrose, perseitol, mannoheptulose and unknown sugar with Rf near 
to that of maltose in Fuerte avocado. Bean (1958) however 
reported the presence of sucrose, perseitol, glucose, mannoheptulose, 
sorbitol, fructose, arabinose, xylose and ribose and a disaccharide 
containing xylose in the Mexican-type and Zutano varieties. The 
unknown disaccharide with Rf near maltose is possibly spo:\: 1 
recorded in Table 12with RG similar to. that of inositol. Bean (1958) 
reported that mannoheptulose practically disappeared during ripen-
ing but in this study it was observed that the green colour with 
orcinol trichloroacetic acid reagent was obtained even in OVer-
ripe fruits. 
a) 
b) 
T§bl!! lZ P~g§t ~b[Qma!og[a~his ~h~rgctA[i§t!~8 of maIkeIs ~ng Bolyb1e 
in ethyl acetate 
[alollt reaction 
Silver nitrate p-anisidine ... 
sodium ethoxide Hel at 600C 
RG 
1 
Markers 
Maltose 34 Brawn 
Inositol 38 
Sucrose 55 Yellow 
Peraeitol 79 
Glucose 100 
Mannoheptulase 100 
50rbitol 120 
fructose 137 Yellow 
Arabinose 156 
Xylose 180 
Ribose 235 
Avocado extract 
Spot 1 38 " 
2 55 " Yellow 
3 79 " 
4 100 " 
5 120 " 6 137 " Yellow 
7 156 " 
8 . 1 BD " 
9 235 " 
Chromatographic mobility relative to glucose 
Distance moved by the sugar 
Distance moved by glucose x 100 
caIbob:::.ldrate~ of eVQCsujo eXlract 
l!! ttJ d§tectio!l Il:fJOBO!l;l 
p-anisidine + Orcinol + tri-
acetic acid at chloroacetic acid 
1000C 
Brown 
Brown Yellow 
Brown 
Green 
Yellow Yellow 
Red 
'" 
'" Red 
Red 
Yellow 
Brown Yellow 
Brown Green 
Yellow Yellow 
Red 
Red 
Red 
- 67 -
Plate 1 Photograph of paper chromatogram of markers and 
avocado extracts 
Maltose + Inositol 
Sucrose 
Perseitol 
Glucose + Mannoheptulose 
Sorbitol 
Fructose 
Arabinose 
Xylose 
Ribose 
l 
1 
2 
·3 
4 
5 
.6 
7 
B 
9 
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4.11 Lipid content 
The results in Table 13 suggest that the lipid content 
incre'ased durirrg storage and ripening and the Pro-long coating 
retarded the change. Comparing Table 10 and Table 13 it can be 
observed that the decrease in moisture content generally 
corresponds with the increase in lipid content. 
The increase of lipid content with storage and ripening may 
be due to the loss of moisture (since the ~alculations were based 
on fresh weight basis) or due to biochemical changes taking place 
during ripening. Pearson (1975) and EI-Zeftawi (1978) reported 
a consistent negative correlation, between moisture content and 
lipid content of avocados. Pearson (1975) found the sum of the 
percentages of moisture and oil for avocados to be fairly constant 
and of the order of 91. The sum of moisture and oil obtained ,for 
avocados in this study is also fairly constant (see Tables 10 and 
13) • 
4.12 Acidity of th~ avocado flesh and avocado oil 
The results shown in Table 14 suggest that acidity of the 
avocado mesocarp increases with ripening although not significantly. 
Similar trend was reported by EI-Zeftawi (1978). The increase in 
acidity appeared to be retarded by Pro-long coating but it was 
found by Student's t-test not to be significant (P~ 0.05).' 
4.13 Respiratory rate 
Carbon dioxide liberated during respiration reacts with excess 
sodium hydroxide in aqueous solution to form sodium carbonate i.e. 
+ 
, 
+ 
Table 13 Lipid content of control and 1.B% Pro-long treated fuerte avocados stored at 16 + l oC R.H. 90 + 5% 
---
Days in storage Contra! 1 • B% Pro-long t-value Levels of significance 
% Lipid 5.0. % Lipid S.D. 
0 13.0 1.6 13.0 1.6 
7 14.2 1.3 13.2 1.9 1.4 Not significant (P)o.osl 
14 IS.5 1.7 15.0 2.6 o.S Not significant (P)o.osl 
21 21.3 2.4 lB.2 2.4 5.] Significant (P(o.Oll 
Results represent mean values of 6 determinations. 
Table 14 Cbanges in acidity pf aygcadg fruit stpred at 16 + 1°C. R.H. 90 !~ 
Days in storage Control 1 .8% Pro-long t-value Levels of significance 
acid value 5.D. acid value S.D. 
0 3 0.3 3 0.3 
7 3.B 0.6 3.1 0.5 1.B Not significant (P)O.oS) 
- 14 4 •. 1 O.B 3.3 0.3 2.4 Probably significant (O.OS)P)O.Ol ) 
21 4.6 0.4 4.0 0.6 LB· Not significant (P>O.OS) 
Results represent meen values of 6 determinations. 
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When added, barium chloride precipitates aut the carbonate as 
barium carbonate i.e. 
+ + 
Therefore the resultant effect of equation (1) ~nd (2) is one male 
of carbon dioxide reacting with two moles of sodium hydroxide. 
The amount of sodium hydroxide left is titrated against 0.1 N 
hydrochloric acid with methyl orange as indicator. 
Method of calculation: 
V cm3 of 0.1 NaOH reacted with CO 2 from W kg fruits far 
two hours. 
3 V cm 0.1 N NaDH contains 0.1 x V 
1000 
males 
Since one male of carbon dioxide reacts with two males of 
sodium hydroxide it follows therefore. that 0.1 x V 
1000x2 
moles of 
carbon dioxide reacted with V cm3 of the sodium hydroxide. 
Molecular weight of.· carbon dioxide = 44 
Therefore 0.1 x V x 44 g of carbon dioxide were liberated by the 
1000 x 2 
fruit in two hours. 
Therefore respiratory rate 
= 0.1 x V x 44 
lDDOx2xWx2 
CD kg-l h-1 g 2 
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f~gure 10 represents respiratory rates for fuerte avocado 
stored under ambient condition (16°e to 23 0 e and R.H. 40% to 60%). 
The ripening process of avocado fruit is associated with an 
increase in respiration i.e. it is climacteric (Biale, 1941). A 
high rate of respiration is associated with high rate of metabolism 
and a short storage life of the fruit. figure 10 shows that the 
climacteric peak for the control fruit is much higher than that 
of Pro-long treated fruits indicating that controls have a shorter 
storage life than the Pro-long coated fruits. The gradual fall in 
the respiratory rate of the Pro-long treated fruits as opposed to 
the sharp fall of the control after reaching the climacteric peek 
suggests that Pro-long is also beneficial in extending the post-
ripening storage of avocados. Increasing the concentration of 
Pro-long decreases the respiratory rate (figure 10) but anaerobic 
respiration limits the use of higher concentrations. Table 15 
shows that for the climacteric peaks the differences between the 
treatments and between the treatments and the control on day 3 
are highly significant (P < 0.001). 
The fruits were kept in the dark throughout storage end 
during respiratorY'rate determinations since photosynthesis affects 
the respiratory rate resu~ts. 
Biale (1946) repo·rted that when Fuerte avocado is subjected to 
anaerobic conditions both the climacteric and ripening are suppressed. 
It follows therefore that for the climacteric peak to be observed 
anaerobic conditions must be avoided. Relatively small changes 
in temperature have a marked affect on the climacteric rise(Biale 
and Young, 1962). The comparative effects of temperature on Fuerte 
avocado respiratory rate at climacteric peak are shown in; Table 16. 
At sOe the slow rate's of respiration makes the climacteric rise 
undetectable while at 300 e the climacteric cycle deviates consider-
ably from the expected pattern (Biale and Young, 1971). In this 
-
, 
.c 
-
'1:0 
.:.: 
0'" 
u 
1:0 
e 
.. 
.. 
co 
.. 
... 
.. 
0 
.., 
co 
.. 
.... 
Co 
" .. 
'" 
FIGURE la 
220 
200 
180 -
160 
0 
12 
100 
80 /0 
60 
~ , 
40 1 2 
-73 -
Resoirato~1 rates of Fuerte a~ocadcs stored ~~der 
ambient condition 
0 Cl 
/ \ \ 
0
-" 
.~ Control 
0-0 1.5% P:,o-lor.g 
1.8% Pro-long 
o~ \ 
.~o~\ 
·0-----0 
\ \ 
\ \ \ \ ~ \ 
\. ____ 0 \ ~ 
\ 
0 
3 4 5 6 7 
Days 1."1 storage 
Results ~epresent mean values of 6 determinaticns. 
Table 15 Climacteric peak respiratory rates (day 3) for controls and Pro-long treated Fuerte avocados 
stored under ambient conditions and student's t-test for paired data 
Treatment 
Control 
1.5% Pro-long 
1.8% Pro-long 
Control vs 1.5% Pro-long 
Control vs 1.8$ Pro-long 
1.5% Pro-long vs 1.8% Pro-long 
Mean respiratory rate 
o -1-1 
mg C 2 kg h 
216 
149 
134 
Results represent mean values of 6 determinations. 
Standard 
deviation 
3.7 
5.0 
5.7 
t-values 
22.4 
23.4 
6.4 
Levels of significance 
Highly significant (P<O.0005) 
" " " 
" " 
(P(O.OOI ) 
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Table 16 Comparative effects of temperature on 
"Fuerte avocado respiration 
(Biale, 1971) 
Temp. 
Relative respiration rate 
o 1 -1 The rate of respiration at 25 C was 180 ml 02 kg- h and was 
equated to 100. If it is assumed that the 02 uptake is equivalent 
-1 1 to the CO2 production, then 180 ml 02 kg h- could give 324 mg 
CO 2 kg-
1 h1 All values were for the climacteric peak except for 
SaC which was an average for several readings. No climacteric 
. 0 
rise was observed at 5 C. 
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study it was found that at 16 0 C and below the climacteric peak 
was not clearly observed. This is probably due to the low 
respiratory rates at these temperatures at which the method used 
could not detect the climacteric rise. 
Respiratory intensity is considered as a measure of the rate 
of me'tabolic processes and therefore an index of the potential, 
storage life of fruit; a high rate of respiration being associated 
with a short storage life. The partial suppression of the 
respiratory rate caused by the Pro-long coating suggests that it 
can extend the storage life of avocados. 
Avocado fruit is highly sensitive to anaerobic conditions 
(Biale and Young, 1971), therefore for a successful "modified 
atmosphere" storage anaerobic condition must be avoided. Pro-
long coating on fruits creates a semi-permeable gas barrier which 
promotes the development of internal gas mixtures which have 
proved effective in reducing the metabolic rate (Lowings and 
Cutts, 1982). 
Ben Yehoshua, Robertson and Biale (1963) and Burg and Burg 
(1965b) reported that the peel ,is an important barrier-to carbon 
dioxide and oxygen diffusion. The Pro-long coating may be regarded 
as an extra barrier. Burg and Burg (1965b) found rick's diffusion, 
law to govern gas exchange through the peel, in· a number of fruits 
including avocados. The Pro-long coating, like the peel, is 
therefo're expected to work on the principles of rick's diffusion law.-
4.14 Test for the efficacy of the fungicides 
The, results in Table 17 suggest that both thiabendazole and 
Benomyl are active against the growth of the fungus (identified as 
Colletotrichum gloeosporioides) isolated from infected mesocarp at 
all concentrations tested, with 100 ppm as the threshold level for 
Table 17 The increase in diameters in cm of fungus inoculated on to different 
concentrations of the fungicides in POA 
Concentration Thiabendazole Benomyl 
1 
es supplied 7 days 21 dsys 7 days ppm 
0 7 8.0 7 
25 4!7 6.0 4.4 
50 2.1 3 2.0 
75 0.5 1 0.3 
100 0 0 0 
200 0 0 0 
The results represent the mean values of 4 determinations. 
1 Not as active ingredient. 
21 days 
8.0 
6.0 
---I 
4.1 ---I 
I 
0.9 
Trace 
0 
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total growth inhibition for at least two weeks. It is anticipated 
that with langer incubation time even with 100 ppm some growth of 
the fungus will be observed also, since a trace of growth was 
observed when the fungus was exposed to this level of benomyl. 
Treatment of the fruit with 0.1\~ aqueous solution' o·f the 
fungicides considerably reduced fungal invasion' in. fruits but 
others were still attacked despite the application of higher 
concentrations of the fungi6ides. These findings suggest that 
although the fungicides have been claimed to be systemic (Wills 
II sl., 19B") they might not be able to penetrate through the 
exocarp of avocado to reach the deep seated latent infections in 
the mesocarp. 
The two fungicides inhibit spore germination, interfere 
with mycelial growth and affect conidia formation and are thought 
to interfere with aspects of DNA synthesis and cell replication 
(Willsll.a!·.19Bl). 
Generally, the results indicate that although both fungicides 
are capable of inhibiting growth of l~tently infecting fungi, they 
are relatively ineffective when used in surface treatment, 
presumably because of the impermeability of the peel to the fungicide. 
The growth of surface borne organisms, however, would be inhibited. 
4.15 Taste panel 
The mean taste panel scores (Table lS) suggest that for 
Fuerte variety)1.5% Pro-long improves all the three organoleptic 
properties assessed. However values of t for paired taste panel 
score data as shown in Table 19 suggest that there is no significant 
different in texture or in flavour between the treated fruits and 
controls when at a ripe stage,but appearance is improved by Pro-long 
Table 18 Summary of mean taste panel scores (Fuerte variety) for fully ripe fruit 
Storage Appearance Texture Flavour 
Temperature °c Control 1.5% 1.6% Control 1.5% 1.8% Con,trol 1.5% 1.8% 
7 3 •. 6 4.6 4 
, 
3.6 4 4.4 4.2 4.6 4.6 
13 4 4.8 4 4.4 4.6 4.2 4.4 4.6 3.8 
16 3 5 4.2 3.6 4.4 3 3.4 4.8 3.8 
21 3 3.6 4.2 4.4 4.4 4.2 4.6 4.8 4.2 
25 1.2 4.2 3.2 .·2.8 4.0 2.6 3.6 4.4 3.6 
Scores assessed on arbitrary hedonic scale for each parameter with 5 being the most preferred down to 
1 being the least preferred. The results represent mean values of 5 determinations. 
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treatment. Since the consumers "buy with their eyes", the Pro-long 
coatings make fuerte avocados look naturally glos.sy and fresh 
which is an added advantage. 
When control fruits stored at 7°C for four weeks were 
ripened at ambient conditions, some internal darkening and 
slight discoloration of the skin were observed. However, treated 
fruits did not develop such symptoms. Vakis (19B2) found that 
fuerte avocados stored at 8.8oC for long periods (four to five 
weeks) suffered chilling injury and internal and external darkening 
o 
especially after removal to 20 C. Darkening of the fruit makes it 
unmarketable. Lowings and Cutts (1982) reported Pro-long coating 
to reduce susceptibility to chilling injury in bananas. This is 
expected because controlled atmosphere storage has been found to 
reduce chilling injury (Lowings and Cutts, 19B2). Pro-long 
coating may be considered as a form of controlled 'atmosphere 
storage in a broad sense because essentially what the coating does 
is modification of the in,ternaI atmosphere of the fruit. 
Results from the t-test (Table 19) suggest that for fuerte 
variety stored at 7°C there is probably a significant difference 
.•. ~ . -. -
in appearance in cOr1'trols and 1.5% Pro-long treated fruits 
(0.05> P> 0.01). for fruits stored at 2SoC, the difference between 
the control and 1.5% Pro-long treated was highly significant 
(P < 0.0005) and between the control and 1. B% Pro-long treated was 
significant (P > o. DOn. The results also suggest that in ripe 
fruit the texture and flavour differences between the treated fruits 
and controls were not significant. 
Preliminary experiments carried out showed that for fuerte 
avocados treated with concentration-, of 2% Pro-long and above" the 
quality of the fruit was adversely affected by off-flavour, pitting 
and discoloration·. for tha Hass variety however, even 1.8% Pro-long 
affected the quality of the fruit (stored at 21 0 Cand above) and 
Table ]2 Values of t fOI [!!:)ired gata of taste Danel score (fuerte avocados) 
Values of t and ley~~gnlflcance 
Parameter Storage 4 degrBBs of freedom 
temperature Not significant Probably significant ,Significant Highly significant 
°c )5% 5%-1% 1')(.-0.1% < 0.1';(, 
AEEearance 
Control va l.s14 Pro-long 7 3.16 
" " I.B% " 7 1 
" " 
1.5% 
" 
13 2.14 
" " I.B)I. " 13 
" " 1.5% " 16 4.47 
" " 1. B% " 16 3.21 
" " 
1 .5'% " 21 1 .B 
" " I.B% " 21 1.1 B 
" " 1.5% " 25 9.49 
n 
" I.B% " 25 6.32 w 
Textu[B 
Contral vs 1.5% 7 1.63 
" 
1. B',i 7 
" 1.5~ 13 0.53 
" 1.6% 13 0.53 
" 
1.5';(' 16 1 
" I.B% 16 1 .15 
" 
1 .5'}!, 21 0 
n 1 .B';1. 21 0.53 
" 1.5% 25 2.45 
" 1.8')4 25 0.25 
f l§voul:: 
Control va 1.5% 11 7 1 
" " 
1 .8'," 
" 
7 0.34 
" " 
1.5% 
" 
13 0.53 
" " 1. a" " 13 2.45 
" " 
1.5j(. 
" 
16 3.16 
" " 1 .8'" " 16 0 
" " 1.5% " 21 1.02 
" " 
1.8j(. 
" 
21 0.78 
" " 1.5% " 25 1.37 
" 
n 1 .8';G 
" 
25 0 
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physiological symptoms similar to those described in Section 2.8.4 
developed including hardening. At 1.5% Pro-long. Hass avocados 
stored and ripened at 21 0 C and above developed an off-flavour 
which one panellist described as "cheese-like", but for those 
stored and ripened at 160 C and below the flavour was not 
affected. 
The fruit depends on diffusion of air through the skin for 
its supply of oxygen and for the discharge of carbon dioxide, 
ethylene and other volatiles. If the skin is made less pervious 
to gaseous exchange, carbon dioxide, ethylene and other volatiles 
accumulate within, the fruit and a reduction in oxygen level causing 
anaarobic condition and off-flavour. The op,timum concentration of 
Pro-long may reduce oxygen uptake of the fruit without creating 
anaerobic condition,s. Higher concentrations of Pro-long however 
impede the diffusion of the gases and may cause physiological 
disorders. Dhalla (1982) reported that for mangoes, higher 
concentrations of PrO-long caused anaerobiosis in the fruit. 
In avocados, Fuerte is a thin skinned variety while Hass is 
thicker skinned (RClunds, 1950). Hass peel would therefore be 
expected to pose a greater barrier to gas diffusion than Fuerte 
peel.. As a result. the optimum Pro-long concentration for Hass 
would be expected to be lower than that for Fuerte for all storage 
temperatures. 
The increase in storage temperatures leads to increased 
metabolic rates and hence an increase in oxygen uptake. For aerobic \ 
conditions, increased oxygen uptake coupled with increased carbon. 
dioxide evolution requires increased permeability of the coating 
and therefore a lower concentration of Pro-long. 
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Based on the results reported above, the optimum concentration 
of Pro-long for Hass would be expected tO,be less than 1.5% if 
the fruits are stored above 16 0 C. However lower con~entrations of 
Pro-long tended not to wet or cover the fruit wall; probably 
because of higher surface tension caused by the natural wax 
coating. Spraying instead of dipping might prevent this' problem. 
Incorporation of a wetting agent with proper surface tension 
, 
reduction properties in the Pro-long may also be helpful. 
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5. CONCLUSIONS 
The degree of response of fruits to Pro-long depends on the 
variety of the fruit, time of season, maturity, quality and 
storage conditions. 
At 2Soe (R.H. 90%) the storage life of Fuerte avocados 
could not be extended significantly because of rapid ripening, 
poor flavour and increased microbial attack for both controls 
and Pro-long treated fruits. For the Hass'variety treated with 
I.S% Pro-long and stored at 2SoC (R.H. 90%) the fruit did not ripen 
normally and the flavour was adversely affected. It can therefore 
be generally concluded that for ripening a'vocados higher temper-
atures (2SoC and above) should be avoided. 
At 21 0 C (R.H. 80% and at ambient condition (16_23 0 e, R.H. 
40-60%) the storage life of the Fuerte avocados received was about 
7 days, however after 1.8% pr 1.5% Pro-long treatment most of the 
fruits were still marketable after 14 days of storage. Similarly, 
at 16 0 e (R.H. 90%) most treated fruits were still marketable after 
21 days of storage whereas most of the controls deteriorated 
during the second week of storage. o --. At 13 e (R.H. 80%) the storage 
life of treated Fuerte avocados was extended up to four weeks, 
while most of the controls were fully ripe after 2 weeks of storage. 
At 7°e (R.H. 80%) the control Fuerte avocados developed chilling 
injury symptoms whereas no such symptoms were observed for the 
Pro-long treated avocado's. 
The general conclusion from these observations is that Pro-long 
coating can double the shelf life of avocados, reduce chilling 
injury and a combination of Pro-long coating with low temperatures 
may be necessary, where extended shelf life is required. This 
indicates that the use of Pro-long could save large amounts of 
avocados from deteriorating before reaching the markets, particularly 
in developing countries where refrigerated storage is often 
unavailable. 
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o Also, instead of transporting avocados at 7 C and 
below, as is normal practice, higher temperatures could be used 
which would not only save energy but also eliminate the problems 
of chilling injury. 
Apart from slowing down ripening and reducing chilling 
injury, Pro-long also retarded moisture loss and imparted an 
attractive gloss to the fruit. Generally increasing the concentra-
tion of Pro-long tended to decrease the moisture loss. However 
higher Pro-long concentrations affected tha organoleptic properties 
of Fuerte and Hass avocados. For Hass avocados even 1.5% Pro-long 
treatment resulted in poor flavour when the fruit were ripened at 
21 0 C and above. 
Avocados became susceptible to fungal attack only after ripen-
ing. The severity of fungal attack after ripening depends on the 
degree of latent infection, which, as evidenced by visual observation, 
is unpredictable at the unripe stage of the fruit. Therefore the 
post-ripening use of Pro-long to extend the storage life of ripe 
avocados was limited by latent infection. The use of the fungicides, 
benomyl and thiabendazole greatly reduced surface fungal growth, 
but not the deep seated growth· due to latent infection,. although 
these fungicides have been claimed to be systemic. Interaction 
between the fungicides and Pro-long caused skin blemishes to 
Fuerte avocados which increased susceptibility to fungal invasion. 
Regular application of fungicides during the fruit growth in the 
field and strict sanitary measures during harvest, handling and 
storage might reduce or eliminate the problem of latent infection. 
Other changes assessed included chlorophyll, carotenoid, 
vitamin C content, moisture, lipid content, sugar, phenolics and 
acidity. These changes were retarded by Pro-long treatment to some 
extent but were generally found to be not significant. 
The changes taking place during ripening as affected by the 
Pro-long coating can be explained in terms of gas exchange at the 
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fruit surface. The coating is thought to restrict gas exchange 
thereby reducing respiratory rate and overall metabolic activity. 
Carbon dioxide evolution measurement confirmed the action of 
Pro-long in reducing the respiratory rate, thereby slowing down 
ripening and deterioration. The climacteric peak was reduced and 
broadened by the Pro-long treatment. 
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6. SUGGESTIONS FOR FUTURE ',o/ORK 
Having established the advantage of using Pro-long to extend 
the storage life of two varieties of avocado on a laboratory scale, 
using small constant environment cabinets with efficient air 
circulation, further investigations need to be carried out to 
establish the optimum Pro-long concentration needed for each 
variety of avocado when using commercial storage rooms in which 
the air circulation is less efficient. 
Fungal attack was a limiting factor in the extension of 
storage life' of avocados post-ripening. Therefore an investigation 
on how to reduce latent infection is important, possibly involving 
pre-harvest fungicide application. 
The surface tension or wetting ability of different concentra-
tions of 'Pro-long emulsion with different fruits requires investiga-
tion since it was not possible to fully cover the fruit surface 
when using dilute emulsion of Pro-long. Modifying the Pro-long 
formulation to reduce surface tension might also be useful. 
Pro-long coating ,primarily reduces respiratory rate thereby 
affecting other ri'pening changes .as well. Therefore '(or further 
studies on the effect of Pro-long coating on fruit, it may be more 
meaningful to concentrate on the gas exchange of the fruit. The 
use of instrumental methods such as infra-red CO 2 analyzer for 
respiratory rate and gas chromatograph for ethylene should' prove 
of value in these studies. 
The shelf life of a fruit depends on factors such as temper-
ature, humidity and permeability to oxygen. It may be possible to 
work out a mathematical model which would relate the rate of 
deterioratiom of avocado and other fruits with temperature, 
humidity, concentration of Pro-long used,etc. If such model can 
be derived,one can predic: the storage life of a Pro-long treated 
fruit under any given set of storage conditions. 
7. "PPE:m I X 
1.5% Pro-long treated 
Plate 2. Hass variety (xt) 
1.5% Pro-long treated 
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Control 
day 0 storage at 16°C (R.H. 9olo). 
Control 
Plate :3. Hass variety (xt ) 14 days storage at 16°C ( R. H. 9D'% ). 
Pro-long treated still marketable, and control over-ripe with 
fungal infection. 
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I 
1.5% Pro-lorrg treated Control 
Plate 4. Hass variety ( xt): 7 days storage at 16°C (R.H. 90%) 
Pro-long treated still umripe and control fully ripe. 
1.5% Pro-long t=eated Contrel 
Plate 5. Hass variety (xt ) : 14 da ys stora~e at 16 0 C ( R. H. 90%) . 
Pro-long treated ripe while control rott en wi t h severe f un gal 
infection. 
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Plate 6. Pro-long treated Fuerte avocado still marketable 
while the control has deteriorated and not marketable • . 
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